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SUMMARY
M ultip le  form s of PLA2 have been isolated  from  alm ost all snake 
venom s b u t su itab le  analytical technique have no t been  available for 
purification and characterisation. Sequence data show ed tha t m ost PLA2 
isoform s d id  no t differ in  m olecular w eight or in net positive charge and 
the m ajor differences lay in the content of negatively charged residues. We 
therefore concen tra ted  on the developm ent u rea  PAGE as analytical 
technique particu larly  basic urea gels. The perform ance of the acidic and 
basic u rea  gels has been  im proved  to m atch  and  even  exceed the 
resolution provided  by SDS-PAGE. This has been achieved by the design of 
spacer gels, by  the use of 8M urea and by the selection of polym erisation 
conditions and  choice of electrolyte buffer. The basic urea gels w ere show n 
to be ideal for resolution of phospholipase A 2 isoforms. Phospholipase A2 
activity was recovered from bo th  acidic and basic urea gels w ith  high yield. 
The chrom ogenic PLA2 detection m ethod of Shier and Trotter (1978) has 
been m odified for use w ith  basic urea PAGE. By using basic urea gels along 
and basic urea gels in chrom ogenic PLA2 detection m ethod, a num ber of 
new PLA2 isoform s w ere identified. The basic urea-PAGE (BG) m ethod is 
p roposed as the basis of a simple and rap id  m ethod for the classification of 
P L A 2 isoform s w h ich  sh o u ld  allow  u n am b ig u o u s id en tifica tio n  of 
isoform s by referring bands for purified m aterial to the isoform  content of 
w hole venom s.
All phospholipase A 2 enzym es tested w ere show n to be activated  by 
long-chain free fatty acid and only by sub-group op acyl im idazolide. There 
are tw o  major models for PLA2 activation, the first favoured by  the Verger 
and DeHaas (1976) is the hydrophobic anchor m odel and second,
xix
Contents.
favoured  by  this laboratory  is the conform ational change m odel. To 
d istinguish  betw een  these m odels, we reinvestigated the phenom enon of 
activation of PLA2 by g lutaraldehyde in the presence of long chain fatty 
acid. Prelim inary tests show ed that 15-20% 1-propanol w as requ ired  for 
th is ac tiva tion . A ctiv a tio n  w as tra n s ien t an d  co n tin u ed  ac tion  of 
g lu tara ldehyde  progressively  inactivated the enzym e b u t the activated 
sta te  w as show n  to be stabilised by b o ro h y d rid e  reduction . Enzym e 
activated by glutaraldehyde in the presence of 3[H]-oleic acid and stabilised 
w ith  sod ium  borohydride  lost the fatty acid on  gel filtra tion  in 20% 1- 
p ropano l b u t the non-radioactive enzym e rem ained activated. This was 
the f irs t d e m o n s tra tio n  th a t the enzym e cou ld  be ac tiv a ted  by 
conform ational change. The possibility of conform ational change during  
activation of enzym e was exam ined by CD and fluorescence spectroscopy. 
C om parison of the CD spectra of native and  oleoyl im idazolide activated 
enzym e show s a change in secondary structure w ith  apparen t increase in 
bo th  a-helix  and  p-sheet content. D uring  reaction of the enzym e w ith  
oleoyl im idazolide , the p ro te in  fluorescence show s a b iphasic response 
w ith  initial fall a ttribu ted  to occupation of the b ind ing  site follow ed by a 
p rogressive decrease w ith  a shift of em ission m axim um  from  341 to 348 
n m .
T reatm ent of the acidic isoform  of PLA2 from  the venom  of Naja  
mossambica mossambica w ith  oleoyl im idazolide gives a 60-fold increase 
in the lytic activity that can be attributed to covalent linkage of an oleoyl 
g roup  to the protein. Radiolabelling experim ents confirm  th a t the b o und  
fatty acyl chain is resistant to extraction by organic solvent or album in
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d u rin g  gel filtra tio n  at pH  8.0, b u t is rap id ly  elim inated  u n d er the 
conditions of ac id ic /u rea  , basic urea and SDS-PAGE. This indicates that 
the m odification is stable in the absence of denaturants and m ust involve 
unstable linkage. Fluorescence and kinetic studies of activated enzym e at 
different pH s indicate that tw o groups are involve. Evidence is presented 
to suggest tha t a h istid ine at position 10 or 22 in sequence WWHF side- 
chain is the m ost probable site of acylation.
Chapter One 
Introduction
Introduction
1.1.) General Review.
P h o s p h o lip a s e  A 2 enzym es are fo u n d  at low  activ ity  levels in 
association w ith  m ost m em branes and they are believed to play a role in 
lip id  tu rnover and  the m odulation  of the overall lip id  com position of the 
m em brane. In  contrast phospholipase A 2 enzym es are alm ost ubiquitous 
com ponents of digestive secretions and of anim al venom s w here they are 
found  in  ex trem ely  h ig h  concentrations. In  bo th  the cases their ro le is 
considered  to be one of lip id /m em b ran e  destruction . Because of their 
po tentially  m em brane lytic action there is a need to regulate the enzym ic 
activity  and  to m inim ise the possibility of accidental m em brane dam age. 
In  som e cases th e  physio log ica l reg u la to ry  m echan ism s have  b een  
identified . Thus the activity of the digestive enzym es is norm ally  m asked 
in a p ro  enzym e w hich  is activated at an  appropriate  location by partia l 
proteolysis. V enom  producing  apparatus m ay be protected  by the absence 
of su scep tib le  p h o sp h o lip id s  in  the a p p ro p ria te  m em b ran es  of the 
secretary cells lack phosphatidyl phospholipids and  therefore w ould  no t be 
affected by  th is activity. A lm ost all of these enzym es require  calcium  for 
activity, b u t there is little evidence that this ion can act as a physiological 
regulator. M any venom  enzym es are inhibited by zinc and  there is reason  
to be liev e  th a t  v en o m s con ta in  h igh  levels of this ion  w h ich  m ay 
therefore act as an  im p o rtan t regulator. Sim ilarly the enzym es are very  
sensitive to the physico chemical; quality of the m em brane surface and  in 
particu lar to changes induced in  it by detergents. This p roperty  is probably 
exploited  by d igestive enzym es that are activated by bile salts. O ne very  
d ram atic  exam ple of the regu lation  of PLA2 activity in  m em branes has 
been observed  in erythrocytes w here very low levels of lysophospholipids
Introduction
are po ten t inhibitors of the lytic action. This is an especially in triguing 
regulatory m echanism  because lysophospholipids are norm ally considered 
to be the m ajor lytic effectors of PLA2 induced  m em brane dam aged. In 
general, how ever, there is little indication that specific regulators of PLA2 
activity  exist. The exception to this comes from  the p resen t laboratory 
w here evidence has been produced that the majority of PLA2 enzym es are 
activated  by long chain fatty  acids. M ore in terestingly  som e of these 
enzym es are specifically activated by long-chain fatty acids derivatives in a 
reaction that apparently  attaches the acyl chain to a highly susceptible site 
in the protein. This evidence suggested that fatty acid activation and acyl 
g roup  activation  are equ ivalen t and  that all of these enzym es could  
therefore contain  a specific fatty acid b inding  and  regu lato ry  site. The 
p resen t w ork  w as therefore undertaken  to characterise this site and  to 
determ ine the m echanism  of activation.
1.2.) Phospholipases.
Phospholipases A2 (EC 3.1.1.4) (PLA2 ) catalyse the hydrolysis of the 2- 
acyl este r linkage of 3-sn-phosphoglycerides and release lysophospho­
lipids and  fatty  acids (de Haas et a l, 1968, Kini and Evans, 1989). M any 
PLA 2 enzym es, including  those that form the basis of the p resen t study, 
are ex trem ely  non-specific bo th  w ith  respect to the phospho lip id  head- 
g roup type and  the acyl chain com ponents. One of the m ost im portan t 
actions of in tracellu lar phospholipases is the release of arachidonic acid 
from  m em brane phospholip ids w hich is then  converted into a range of 
eicosanoids, m ost of w hich have significant roles in the inflam m atory  
process. M ost results suggest that PLA2 activity is the rate lim iting factor in
2
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arachidonate release m aking it a vital regulator of inflam m atory processes. 
Therefore there is very considerable in terest in such enzym es that have 
high specificity for phospholipids that have the arachidonyl residue in the 
2-position. Based on  their m olecular w eigh t and  substrate  specificity, 
phospholipases are classified (table 1.2.) into subclasses (Glaser, et ah, 1993; 
M ayer and  M arshall, 1993; Dennis, 1994). Secretory forms of PLA2, such as 
those fo u n d  in  pancrea tic  or in flam m atory  flu id s d em o n stra te  no 
particu la r preference for arachidonate over other sn-2 fatty  acids, and  
contain  d isu lph ide  bonds that are essential for enzym ic activity. The 
in trac e llu la r  p h o sp h o lip ases  have h igher m olecu lar m ass an d  are 
generally  localised in  cytosol, prefer arachidonate over o ther sn-2 acyl 
g ro u p s, and  are  resis tan t to inactivation  by reducing  agents. Some 
intracellular phospholipases A2 (Ca^+-dependent PLA2) require Ca^+ (100 
to 1000 nM) o thers (Ca^+-independen t PLA2 ) do not (Yang, et ah, 1994; 
A ckerm ann et ah, 1994).
The extra-cellular phospholipases are abundant in  pancreatic juice and 
in the venom s of arth ropods and  snakes (Shipolini et ah, 1971; Tu, 1977; 
H aberm ann and Breithaupt, 1978; Glein and Straight, 1982; van  Eijk et ah, 
1983) and  have been  characterised in  great detail bo th  w ith  regard  to 
structure and  function. These enzym es are closely related fam ily of sm all 
proteins w ith  a m olecular mass of about 14 to 18 kDa, highly cross-linked 
and stabilised by as m any as 7 disulphide bridges in a po lypeptide chain 
con ta in ing  ab o u t 120 am ino acids and  serve a varie ty  of functions. 
M am m alian  p a n c re a tic  p h o sp h o lip ase  A 2 enzym es clearly  have a 
digestive function, w hereas the venom  phospholipases w hich share
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com m on ca ta ly tic  p ro p e rtie s  and  s tru c tu ra l h o m ology  w ith  the  
m am m alian  PLA2's show a range of toxic actions and the ability to induce 
pa th o lo g ica l sy m ptom s such  as; neuro tox ic , m yotoxic, card io toxic , 
haem olytic, an ti-coagulan t, convulsant and  hypotensive effects in  the 
experim ental anim als (Karlsson, 1979; H ow ard and G undersen, 1980)
1.3.) Postranslational modification of proteins.
M any proteins are m odified during or after their synthesis. Some of 
these m odifications have been know n for m any years, as for instance 
g lycosylation, phosp h o ry la tio n  and proteolytic  cleavage of p recu rso r 
polypeptides. These exam ples have been extensively covered in  a num ber 
of review  articles and in biochemical books over the years (G rand, 1989; 
Magee, 1990; M agee and Courtneidge 1985; Schmidt, 1989).
A nother type of protein  m odification discovered more recently is the 
covalent attachm ent of lip id  m olecules like phospholip id , diacylglycerol 
and  v arious species of long chain fatty  acids. Such b in d in g  of lip id  
molecules are expected to change the physical properties of the respective 
en tity  q u ite  d ram atica lly , because largely  hyd ro p h ilic  resid u es  are 
converted into very  hydrophobic ones. This will, of course influence the 
interactions betw een  such m odified proteins and other m olecules p resent 
in  their v icinity , be it o ther proteins, lipids or even nucleic acid. This 
m odification yields w hat could be regarded as a new  class of pro teins, 
w hich  by  analogy  w ith  glyco- or p h o sp h o p ro te in s, are te rm ed  as 
"acylproteins". Two types of acylproteins are presently distinguished in the 
literatu re , those w hich contain exclusively the fourteen carbon m yristic 
acid (tetradecanoic acid) in an amide-linkage, and those w hich are p re­
5
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dom inantly  m odified  w ith  palm itic-, stearic- and oleic acid (hexa- and  
octadecanoic acids) in  ester- or thioester-type linkage. (Branton, et ah, 1993; 
Resh, 1994; Veit, et a l, 1994)
W hen  m y ris ta te  has been  detected  covalently  b o u n d  to p ro te in  
m olecules it is alm ost alw ays linked th rough  an am ide bound  to an N- 
term inal glycine residue, w hereas palm itate is linked th rough  an ester or 
thioester bond to serine (or threonine) or cysteine respectively. The ester 
and thioester linkages are labile in the presence of base (e.g. 0.1 M KOH in 
m ethanol) and  neu tral 1M hydroxyl amine) (Magee et al., 1984) w hereas 
the am ide bonds are m uch more stable.
Amide link
/ /CHj (C H ^ ----
Myristate *|H
CH2 N-Terminal glycine
C = 0
NH
NH
Fatty acid 0 CH2 CH serine
C = 0
NH
Ester link
c % _ (c^)n — cx
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Thioester link
(CH,
Fatty acid
1.4.) Regulation of phospholipase A? activities.
NH
CH2— CH Cysteine
C = 0
NH
As the phospholipases A2 catalyse the hydrolysis of the 2-sn fatty acyl 
chain  of m any d ifferent phospholip id  substrates to yield fatty  acids and 
lysophospholip ids. These products m ay them selves serve as intracellular 
second m essengers or can be fu rther m etabolised as precursors in  the 
p ro d u c tio n  of specific pro inflam m atory  lip id  m ediators, e. g. eicosanoid 
such as prostaglandins, leukotrienes or platelet-activating factor. Over the 
last several years our know ledge of the diversity of forms and functions of 
phospholipase A 2 has increased. So the regulation of PLA2 activity is very 
im p o rtan t in  m any  pathological and  pharm acological events. There is 
g rea t in terest in  the s tudy  of possible regulatory  m echanism s for these 
p ro te in s . Irv ine (1982) and  W aite (1987) have rev iew ed some of the 
regu la tion  m echanism s concerned w ith  these enzym es bu t m any details 
rem ain  obscure.
Broekm an et al., (1980) and Billah and Lapetina (1982), reported that the 
activity of phospholipase A 2 w as induced by physiological stimuli such as
7
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th ro m b in , as w ell as C alcium  ionophores (R ittenhouse-S im m ons & 
D eykin, 1981). D aw son et al., (1983, 1984) and Kramer et a l,  (1987) have 
show n that diacylglycerol has a unique stim ulatory effect on a num ber of 
phospholipase A2 enzymes. Also, Jelsema (1987) and Jelsema and Axelrod 
(1987), show ed th a t phospholipase A2 activity in rod  outer segm ents of 
bovine retina w as increased several fold by both light and guanosine 5'-[y- 
thiol] triphosphate (GTP[y-S], w hich induced dissociation of the transducin 
subunits of (G-protein); this stim ulation w as m ediated by the action of the 
^  subunits. G oldm an et a l,  (1988) reported a stoichiom etric activation of 
phospho lipase  A2 from snake venom  (C. adamanteus) and phospholipase 
A 2 from  m am m alian  tissue  w ith  activators term ed  lipok in ins. The 
activity  of PLA2 enzym es under physiological condition is regulated  by 
tw o dom inant factors; the physico-chemical form of the substrate, and the 
presence of d ivalent m etal ions. In  addition, some of these enzym es are 
activated  by the covalent add ition  of long chain fatty  acyl residues. All 
three factors have been studied  separately by many w orkers (De Haas et al, 
1970; Verger et a l,  1973; Drainas et al, 1978), bu t the effect of each of these 
factors on  the other and  m odulation  of the enzym ic activity is not well 
understood .
1.4.1.) T he activation of p h o sp h o lip ase  A? isoform s by long  chain  fatty  
acids,
M any venom  phospholipase A2 enzym es are susceptible to activation 
by long-chain fatty  acylating agents (Drainas and Lawrence, 1978; Camero- 
D iaz et a l,  1985; Chettibi et a l,  1990). Phospholipase A2 enzym es exhibit 
very complex kinetic behaviour, w hich can be attributed to the extrem e
8
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varie ty  of chem ical and  physico-chem ical properties presen ted  by their 
substrates and  to the fact that the enzym es act at a lip id /w a te r interface. 
There is evidence that different aspects of the enzym ic behaviour can be 
regu la ted  independen tly  and  Rosenberg (1988) has review ed the factors 
w h ich  determ ine enzym ic and  toxic activity in  closely related  venom  
enzym es. A good exam ple of differential regulation  is provided  by the 
p h o sp h o lip ase  A 2 from  honey bee (Apis mellifera) venom  w hich can be 
activated tow ard  some, bu t not all substrates either by free long chain fatty 
acids or else by w eakly activated derivatives of these acids, of w hich the 
best exam ple is oleoyl im idazolide. W hilst the free fatty acids act directly, 
the derivatives m odify the protein  to produce an adduct w hich is stable to 
a w ide  variety  of conditions including the presence of the pow erful fatty 
acid sequestering agent, serum  albumin. The enzyme is fully activated by a 
single m olar equ ivalen t of the acylating agent suggesting that a highly 
specific site is involved. V an der W eile et a l,  (1988a, b) have devised  
m e th o d s  for lo n g -ch a in  fa tty  acy la tion  of m am m alian  p an crea tic  
p h o spho lipase  A 2 enzym es at specific lysine residues w hich do not take 
advan tage  of the intrinsic selectivity of the site and have dem onstrated  
th a t this m odification also activates the enzyme tow ards erythrocyte lysis.
D rainas and  Law rence (1978) p roposed  that acylation of bee venom  
phospholipase A 2 occurred at a specific fatty acid binding site, and that the 
target w as also the residue w hich interacted w ith  the carboxylate group of 
the free fatty acids. The high selectivity show n by this site tow ards long- 
ch a in  fa tty  ac id  d e riv a tiv es  in  com parison  w ith  the ir sh o rt chain  
analogues, indicated that hydrophobic interactions were the prim ary
9
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d e te rm in an t of reactivity . There is no clear indication  th a t fatty  acid 
b in d in g  sites of o ther p ro te ins can be selectively acylated by such 
derivatives and  therefore this appears to be an idiosyncratic p roperty  of 
this enzym e.
A lthough  the  activated  enzym es w ere stable under non-denatu ring  
co n d itio n s (C am ero-D iaz et a l,  1985), all attem pts to characterise the 
acylation sites have failed, principally because the linkage is labile upon  
partia l denaturation  and acyl residue is rapidly  lost during acidic, basic or 
SDS-PAGE conditions. These results suggested that a novel, highly labile 
acylation  could be involved: this m ight form  the basis of a reversible 
regu la tion  m echanism  tha t w ou ld  escape the detection by conventional 
labelling  experim ents. One of the attractive m odels for activation  of 
p h o sp h o lip a se  A 2 enzym es by long chain fatty acylation is th a t the 
m odified  side chain acts as a surface anchor at the lipid interface (Van der 
W eile et al, 1988a, b) H ow ever , a num ber of pieces of evidence, including 
the conform ational stability  of the activated enzym e, the lability of the 
linkage on denaturation  and the fact that a bound acyl group w ould have 
very  different anchoring properties from free fatty acids support the earlier 
m odel (Law rence and  M oores, 1975) tha t activation  resu lts  from  a 
conform ation change in  the protein.
1.4.2.) Substrate specificity,
P ho sp h o lip ase  A2 enzym es have very broad specificity for different 
head  groups an d  acyl chain substituents, bu t the m ost interesting effect of 
s tructure on susceptibility is related to change in the physico-chemical
10
Introduction
form. In  general, these enzym es act w eakly on  the free m onom er form , 
strongly on the m icellar form  and  very w eakly on  the physiologically 
significant bilam ellar form.
1.4.2.1.) Monomeric substrates.
De H aas et a l ,  (1970) have reported that phospholipase A2 enzym es act 
poorly on  substrates below  the critical micelle concentration (CMC) b u t the 
pancreatic phospholipase A2 as well as the pro-enzym e act on short-chain 
lecithins in  the m onom eric state (De H aas et a l,  1971; P ieterson  et a l ,
1974). W ell (1972) w orking on the action of the dim eric phospholipase A2 
from  Crotalus adamanteus  on  the m onom eric  su b s tra te  d ib u ty ry l-  
phosphatidylcholine gave the first detailed kinetic analysis and  show ed 
that the enzym e act at an  optim um  pH  of 8-8.5 w ith  Ca^+ as the only 
cation able to  su p p o rt activity. 'V iljoen and  Botes (1979) confirm ed the 
resu lts of W ells (1972) b y  using  the pure phospholipase A2 from  Bitis 
gabonica to  s tudy  the kinetics of hydrolysis of the m onom eric derivative 
d ihexanoylphosphatidy lcholine (DiC6PC). O n the other hand, V olw erk et 
al., (1979) studying  the action of porcine pancreatic PLA2 show ed tha t the 
add ition  order of Ca^+ and  the substrate w as independent, in contrast to 
the m odel proposed  by Wells (1972) for snake venom  phospholipases.
1.4.2.2.) Monomer/ M icelle transition.
The action of som e phospholipase A2 enzym es on  sh o r t/m e d iu m  
ch a in  le n g th  s u b s tra te s  below  and  above th e ir  c ritica l m icelle  
concentration has been investigated, and the results show ed a large
1 1
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enhancem ent in  the enzym ic activity w hen  the substrate concentration 
exceeded the CMC, b u t there  are exceptions w hich  are not yet fully 
understood . The use of m onom eric short chain PC as substrate for the 
pancreatic  PLA2 and its zym ogen, show ed that bo th  forms of the protein 
catalysed the hydrolysis of the substrate at a low rate, bu t the active form of 
the enzym e show ed a dram atic enhancem ent of activity on the substrates 
above the CMC (Peiterson et a l,  1974). These results suggested that the 
active form  of the pancreatic PLA2 in contrast to its zym ogen, contains a 
h ydrophob ic  reg ion  w hich  is involved in  the recognition of the lipid- 
w ater interface.
A n increase in  the hydro ly tic  activity  w as also observed at h igh  salt 
co n cen tra tio n s  and  th is  w as th o u g h t to be enfo rced  h y d ro p h o b ic  
in teractions betw een  the enzym e and substrate. Van Dam M ieras et a l ,  
(1975) s tud ied  the tryptic  cleavage of the active pancreatic PLA2 in  the 
presence of non-hydrolysable substrate analogues, and p roposed  th a t a 
hyd rophob ic  N -term inal sequence w as strongly involved in interfacial 
b ind ing , and nam ed thus the Interface Recognition Site (IRS).
W ells (1974), exam ined the kinetics of venom  PLA2 from  C rotalus 
a d am an teu s  o n  d iffe ren t sho rt-chain  p hosphatidy lcho line  su b stra te s  
below  and  above the CMC. The results show ed a sim ilar increase in the 
enzym ic activity w ith  substrate concentrations above CMC and reported  
th a t the V m ax  of the  enzym e acting on m onom eric d ib u ty ry lp h o s- 
phatidy lcholine (DiC4PC) w as about 3000 times lower than  that observed 
on  m icellar form  of d ioctanoylphosphatidylcholine (DisPC). A lthough  
these observations show ed a clear specificity for the substrate form, they
12
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cannot be generalised for all phospholipase A2 enzymes. In particular bee 
venom  enzym e does no t show sim ilar properties (Shipolini et a l,  1974).
I.4.2.3.) Micellar substrates.
The micelle is now  acknow ledged to be a complex state w ith  m any sub 
form s. It is clearly the m ost susceptible to phospholipase A 2 attack, and 
alm ost all phospholipase A 2 enzym es show  peak sensitivity against the 
m icelle-form ing substrate, dioctanoylphosphatidylcholine. These enzym es 
show ed sim ilar calcium dependence against both m onom eric and micellar 
form s and  in neither case is attack prom oted by detergents. It is of interest 
th a t for the m onom eric substrate DiC6PC, PLA2 attack is concentration 
d ep en d en t w ell above the CMC, w hilst for the higher form s it is not, 
suggesting a structure-dependent effect on  binding affinity (Lawrence, A. J., 
u npub lished  results).
De H aas et a l ,  (1971) using  porcine pancreatic phospholipase A2 w ith  
d iffe ren t sho rt-chain  m icellar substra tes d iffering in  their side chain  
len g th  be tw een  C6 an d  C 10 repo rted  th a t the reaction progress curve 
follow ed sim ple M ichaelis-M enten analysis, but the rates of hydrolysis of 
these substrates w ere very different. For example, it was found that under 
the  sam e ionic s tren g th  cond itions enzym e h y d ro ly sed  d ioc tanoy l­
phosphatidylcholine w ith  specific activity of 6 m m o les/m in /m g , w hereas 
d id ecan o y llec ith in  w as not hydro lysed  at all (Verger et al., 1973). In 
con trast, b y  u sing  a m onolayer technique it w as found  that ra tes of 
hydro lysis  of all lecithins w ith  acyl chain varying Cs  to C 12 w ere quite 
sim ilar (Zografi et a l,  1971).
1 3
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U4.2.4.) Bilaver structure.
It has long been found tha t long-chain phospholipids w hich tend  to 
form  aggregated  b ilayer structu res in  aqueous solu tion  are very  poor 
su b stra te s  for p h o spho lipase  A2 and  in  particu lar for the pancreatic 
enzym e (De Haas et al., 1968). The action of porcine pancreatic PLA2 on 
fully sa tu ra ted  long-chain phosphatidylcholine derivative was stud ied  by 
O p d en  K am p and  cow orkers (1974, 75). At the therm otrophic phase 
transition  w here these com pound become susceptible to the enzym e, it 
w as observed  that the tighter packing of the phospholipid  m olecules at 
h igh  surface pressure p revented  the penetration of the enzym e in to  the 
interface and  strongly reduced the enzymic activity. Sonication of the uni­
lam ellar o r m ulti-lam ellar vesicles w as also found to increase their 
susceptibility to PLA2 hydrolysis (Wilschut, et al., 1976, 78).
To overcom e the problem  of the solubility, Jain and Cordes (1973 a, b) 
proposed  the use of short-chain alcohols in the reaction m edium  and they 
show ed th a t the bilayer structure rem ains closed under these conditions. 
A t an  op tim um  concentration  of alcohol, the vesicles becom e excellent 
substrates and  the reaction curves followed norm al Michaelis kinetics. It 
w as believed that this m ight be due to the incorporation of alcohol chains 
in the vesicles facilitating the penetration by the enzyme. This form ed the 
basis of the assay m ethod used by Drainas and Lawrence (1978) to study the 
activation of bee venom  phospholipase A2 by long chain fatty acylation. 
T h ey  in c lu d e  20 % 1 -p ro p an o l in  the assay  b u ffe r an d  u sed  
d io leoy lphosphatidy lcholine as the substrate. U nder these conditions a 
very clear p roduct activation by fatty acid was observed that could be
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rep laced  by acylation of the enzyme. In addition, detergents of all types 
ch an g ed  su scep tib ility  to those characteristic  of the m icelle sta te , 
presum ably by inducing micellar morphology.
I.4.2.5.) Erythrocytes membranes as substrates for phospholipase A?.
P h ospho lipase  A 2 enzym es purified  from  snake venom s have been 
w idely  used as tools to study the disposition of phospholipids in biological 
m em branes (Op den  Kam p, 1979; Roelofsen et al., 1980). These enzym es 
h av e  b een  p a r tic u la rly  u sefu l in  e lu c id a tin g  the lo ca lisa tio n  of 
phospholip ids in the erythrocyte membrane.
G ul and Sm ith (1972) using Naja naja phospholipase A2 show ed that 
ex tensive cleavage of phosphatidylcholine in red  blood cells d id  no t 
g reatly  increase susceptib ility  to hypotonic lysis. H ow ever, add ition  of 
serum  album in to the m edium  caused the enzyme to be highly lytic (Gul 
and  Sm ith, 1974). The action of album in was outlined by Deuticke et a l ,  
(1981) w ho show ed that more than 95 % of the free fatty acid and up to 80 
% of the lysophospho lip id  resulting from the hydrolysis by Naja naja 
P L A 2 could  be extracted by album in w ithout causing haemolysis. These 
resu lts  support those obtained by Vaysse et al, 1986, 87) using bee venom  
p h o sp h o lip a se  A 2 on  rabbit and hum an red blood cell. The authors 
show ed tha t the addition  of the enzyme to intact rabbit erythrocytes caused 
abou t 65 % cleavage of PC w ith  no haemolysis, whilst, PE and PC w ere 
hard ly  attacked at all.
Law rence, studying the synergism of PLA2 by oleic acid showed that
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lysophospholip ids had  a profoundly  inhibitory action, in contrast to its 
detergent-like activation in all other systems involving the catalytic action 
of these enzym es. H e p roposed  tha t the generation  of traces of lyso- 
phospholip id  inhibited the enzym e very strongly and  was the reason w hy 
PLA 2 enzym es are norm ally non-lytic to w ashed erythrocytes.
Drainas and  Lawrence (1978) and Drainas and Lawrence (1981) studying 
the  effect of acylation on  the action of bee venom  PLA 2 on  rabb it 
erythrocytes show ed that acylated enzyme caused a very small increase in 
the sub-lytic leakage in the absence of albumin, this w as thought to be due 
to the inhib itory  effect of lysophospholipid generated by the hydrolysis. 
Rem oval of the reaction products by album in gave a dram atic increase in 
the haem olysis. H ow ever the addition of exogenous LPC a n d / or Fatty acid 
in  the presence of album in show ed different effects on the leakage rates 
determ ined partly  by addition order of lysophospholipid and fatty acid.
1.4.3.) The regulation of PLA? activity by divalent metal ions.
V enom  phospho lipase  A2 enzym es are C a^+ dependent enzym es, in 
w h ich  the Ca^ + ion con tribu tes to the form ation  of the active site. 
C rystallographic analysis (Dijikstra, et al., 1981a; Dijikstra et al,  1981b; Scott 
et al., 1990; W hite et al., 1990) has show n that the Ca2+ ion interacts w ith  
oxygen atom s belonging to an aspartate (Asp-49) and  carbonyl groups of 
tyr-28 and  Gly-30 and  Gly-32 residues in  the enzym e and  also to the 
phosphate  oxygen in the substrate.
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Long and  Penny (1957) w ere the first to show  that phospholipase A2 
w as activated  by calcium an d  inhibited by zinc. Roholt and Schlam owitz 
(1961) dem onstrated  that calcium acted by binding to the enzyme. Studies 
using  the barium  ion as an  inhibitor indicated that a m etal ion-substrate 
com plex w as not involved.
R ecen tly  M ezna  et al (1994) d em o n stra ted  th e  in h ib itio n  of 
p h o sp h o lip ase  A 2 from the Chinese cobra (Naja naja atra) by zinc and 
barium  b y  different mechanism. As according to crystal structure (Scott et 
al., 1990) it is clear that the enzyme has two binding sites. According to our 
recen t results (M ezna et al., 1994), it is dem onstrated that inhib ition  by 
Ba2+ show s the kinetic characteristics of a conventional com petitive 
inhibitor acting to  displace Ca^+ from  a single essential site, bu t Zn^+ has 
the paradoxical p roperty  of being m ore inhibitory at h igh  than at low Ca^+ 
concentration. Kinetic analysis of the Ca^+-dependence of enzym e activity 
show s a b im odal response, indicating the presence of tw o Ca2+- binding  
sites w ith  affinities of 2.7 pM and 125 pM respectively. The resu lts are 
consistent w ith  th e  m odel tha t the enzym e is activated by two Ca2+ ions, 
one th a t is essential and can be displaced by Ba^+, and one that m odulates 
the activity by a further 5-10 fold and  which can be displaced by Z n^+. An 
a lternative  m odel is also presented in w hich the Zn^+- binding site is a 
phenom enon of th e  lip id /w a te r interface.
1*5-) Purification of venom Phospholipase A? enzymes.
The pu rifica tion  of venom  phospholipases was initially attem pted  by 
Slotta in the late 1930s (Slotta and Frankel-Conrat, 1938) It was until nearly
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th ree  decades la ter, how ever, th a t the venom  phospho lipases w ere 
p u rified  on  a large-scale basis, w hich perm itted  detailed  kinetic and  
structural analysis (Waite, 1987).
Since the PLA 2 are small, stable enzym es, they are usually  easy to 
isolate, and purity  has not been a critical factor in sequence analysis. There 
are som e things to look out for, however. The pancreatic PLA2 m ust be 
activated  by trypsin  from  proPLA precursors, and this step opens the 
possibility of proteolytic fragm entation. M oreover, the porcine pancreatic 
enzym e has been show n to consist of a m ixture of isozymes that are not 
usually  separated  in  commercial sources. Snake venoms are interesting in 
that they usually  contain m ultiple enzymes, sometimes w ith  quite distinct 
structures and functions. In fact, it is the exception to find a venom  source 
w ith  only  one PLA2 present. One example is Crotalus atrox, the w estern  
d iam ondback rattlesnake, w hich has a single, dim eric PLA2 (Shen et al.,
1975). The acidic p I of this enzym e facilitates its purification sim ply by 
filtration and  anion-exchange chrom atography. The closely related eastern  
d iam ondback  ra ttlesnake, C rotalus adam anteus has tw o dim eric PLA2 
w h ich  d iffer on ly  in  residue 117 w hich is G lu in a. and  Gin in  J2 
(H ein rikson  et a l ,  1977). The venom  of Agkistrodon piscivorus piscivorus 
is m ore typical in  having an acidic dim er and two basic m onomeric PLA2 
(M araganore et al., 1984; M araganore and Heinrikson, 1986). One of the 
latter is a "typical" PLA2 in having an Asp at position 49, and the other has 
a Lys at this position, as well as some changes in calcium binding  loop 
(Y oshizum i et a l ,  1990). These Lys-49 phospholipase A2 have been  
id en tified  thus far only  in cro talid  venom s, includ ing  A gkistrodon , 
Bothrops, and  Trim esurus (Yoshizumi et al,  1990).
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A nother distinction that m ust be kept in m ind w hen purify ing PLA2 
from  venom  sources has to  do w ith  the possible presence in a single 
enzym e of b o th  estero ly tic  and  toxic activities. N otexin  is a p o ten t 
neuro tox in  from  the venom  of the A ustralian tiger snake tha t has w eak 
P L A 2 activity  (H alpert and  Eaker, 1975). The venom  of Chinese w ater 
m occasin, A gkistrodon halys pallas, containing an acidic and a basic PLA2 , 
together w ith  a neutral neurotoxin w ith PLA2 activity ( Chen et a l,  1987). 
V enom s of m ore e lap id  snakes have often been show n to consist of 
m ultip le PLA2 forms, often w ith varying degrees of toxic activity. It is safe 
to  say th a t m uch of the w ork reported on venom PLA2 sequences has been 
done w ith  major form s th a t are easily resolved from contam inants and  
o th er PLA 2 species. The rule, how ever, is that venoms will m ost likely 
p re sen t a v arie ty  of PLA2 , and  this m ust be borne in m ind w hen  
form ulating  purification protocols (Heinrikson, 1991).
Some further generalisations m ay be useful here. First, the PLA2 are 
usually  sm all and  stable as com pared to m ost proteins, and  w ithstand  
ra th e r h a rsh  conditions of pH  and  tem perature. Their low  m olecular 
w e ig h t ( 14, 000) m akes them  easily separable from  the m ajority  of 
contam inating  pro teins by sim ple gel-exclusion chrom atography. Dimeric 
PLA 2 p resent a different problem  in that they tend to move w ith  proteases 
o n  such colum ns. H ow ever, if the columns are run  in 5 % (v /v ) acetic 
acid, d im ers dissociate and  run  w ith  m onom eric PLA2 on gel filtration 
(W elches, et a l,  1985). These acidic conditions, therefore, help to m inim ise 
p ro teo lysis, a lthough  the seven disu lphide bridges of PLA m ake these 
enzym es highly resistant to proteases. This first step usually provides
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enzym e in  high yield and, if the source is snake venom , in substantial 
state of purity . In fact, the only contam inants m ay be other PLA2 species. 
K now ledge of the p I of the PLA2 of interest will dictate use of an anion- or 
cation-exchange colum n procedure for the second step  of purification  
(H einrikson, 1991).
The prim ary  structure  of over 100 venom  phospholipase A2 enzym es 
is know n (see appendix as well). Snake venoms contain m ultiple form s of 
P L A 2 . Ind ian  cobra (Naja naja naja) venom  has been reported  to contain 
as m any as 14 isoenzym e form s of PLA2 . In the venom of A ustralian king 
b ro w n  snake (Pseudechis australis) 15 phospholipase A 2 isoforms have 
been  reported . (D ufton et al.f 1983; Lu and Lo, 1981; N ishida et a l,  1982; 
N ishida e t al, 1985a; N ishida et al., 1985b; Joubert et al., 1977, 1983, 1987; 
Verheij e t a l,  1983; A ird et a l ,  1985, 1986; Forest et al., 1986; Kini et a l ,  
1986; M araganore and  H einrikson, 1986; O hara et al, 1986; Ritonja et al., 
1986; T anaka et a l ,  1986, 1987; Frelat et al,  1987; M ancheva et a l,  1987; 
Bouchier et a l,  1988; Ducancel et a l ,  1988a, b; Takasaki et al,  1988, 1990; 
C hew etzoff et al,  1989; Kondo et al, 1989; Schmidt and M iddlebrook 1989; 
Y oshizum i et al, 1989; Liu et a l ,  1990; Harvey, 1991; Heinrikson, 1991)
A lthough  the com position of venom  is relatively sim ple, few w orkers 
have  p ro d u ced  gel electrophoresis data to illustrate the overall venom  
com position . The com ponents of venom  typically  range from  sm all 
p ep tid es  to m ed ium  sized proteins and in m ost cases the bulk  of the 
venom  is in  the low  m olecular w eight range.
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1.5.1.) N a ja  m ossam bica  mossambica  (spitting cobra) phospholipase A? 
isoform s.
A num ber of phospholipases A 2 have been purified, and their am ino 
acid sequences determ ined, from the venom s of various snakes, including 
those belonging  to the four families Elapidae, H ydrophiidae, C rotalidae 
and  V iperidae. All the sequences show a high degree of homology. Some 
of the basic PLA2S do no t show this type of toxicity (Eaker, 1978). The 
s tru c tu re -fu n c tio n  re la tionsh ip  in  PLA2 enzym es has been  d iscussed  
(D ufton and  H ider, 1983; Kini and Iwanaga, 1986; Tsai et al, 1987; Kondo et 
a l ,  1989). The three forms of phospholipase A2 , CM-I, CM-II and CM-III, 
w ere purified  by gel filtration on Sephadex G-50 followed by ion exchange 
chrom atography  on CM-cellulose (Joubert, 1977), They com prise each 118 
am ino acid residues and  are cross-linked by seven in trachain  d isu lph ide 
bridges. The com plete prim ary  structure of three phospholipases A 2 has 
been  elucidated  and they closely resem ble those from other snake venom  
an d  pancrea tic  phospho lipase  A 2 . This is true for the sequence of the 
in v a r ia n t am ino  acid residues. The am ino acid sequence of th ree  
p h o sp h o lip a se  A 2 enzym es from  Naja mossambica mossambica venom  
w ere  c o m p ared  am ong  them selves an d  also  to som e of k n o w n  
phospho lipase  A 2 sequences (Dufton and  H ider, 1983; H einrikson, 1991). 
The h ig h  degree of hom ology w ith in  the group CM-I, Cm-II and CM-III 
(97.2 %) is quite apparent. The sequence of CM-I differs of that of Cm-II in 
only  3 am ino acids at position 95, 113 and 122 and the difference betw een 
CM-I and  CM-III w as found to be in 13 amino acids w hereas, CM-II differs 
from  CM-III in  11 am ino acids. Overall there are 113 invariant am ino acids 
ou t of 118 in  the three form s of PLA2 (Joubert, 1977).
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T he a lig n m e n t of p h o sp h o lip a se  A 2 from  Naja mossambica  
mossambica w ith  the other snake venom  and pancreatic phospholipases 
show ed a very  h igh  degree of hom ology especially in the residues w hich 
are rep o rted  to be involved in both  the active site and  the C a2+ b ind ing  
loop. For exam ple the com parison of the sequence of CM-III w ith  basic 
form  PLA2 from Naja nigricollis show ed a replacem ent of only one am ino 
acid (Leu) in  position  67 for Phe in CM-III w hich is also a highly basic 
p ro te in  (Joubert, 1977; D ufton and H ider, 1983a; Van den  Bergh et a l ,  
1989).
Like m ost snake venom s, the venom  of Naja mossambica mossambica 
w as fo u n d  to be highly toxic to a rth ropods (M enashe et a l ,  1981). The 
toxicity of this venom  was suggested to be due to the presence of a basic 
p h o sp h o lip ase  A 2 w hich w as called com ponent P3 (Zlotken et a l ,  1975; 
M enashe et al., 1980) and CM-III (Joubert, 1977). This isoform  of the 
enzym e w as purified  and show n to be highly basic (pi  9.6) and also to be 
the  m ain toxin of the venom  (M enashe, 1981).
The inactivation  of the enzym e by p-brom ophenacylbrom ide resu lted  
in  an  identical decrease in bo th  toxicity and enzym atic activity and it w as 
concluded  that the  toxicity is directly associated w ith  the phospholipase 
activity. All the three phospholipases show ed an absolute requirem ent for 
calcium  (M enashe, 1980).
C hettib i et a l ,  (1990) using  the tw o basic form s of PLA2 from  Naja  
mossambica mossambica  fo r ac tiv a tio n  assays ag a in s t e ry th ro cy te  
m em branes show ed that the non-toxic form (pi  8.8) was activated by long-
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chain fatty  acylation, w hereas the toxic form was not activated by it. The 
acidic form  is highly susceptible to activation by long chain fatty acylation. 
The aim  of this w ork w as to find m ost suitable pair of isoform s for 
com parative stud ies of an activating and non-activating form. All the 
three form s of Naja mossambica mossambica are available com m ercially: 
they have sim ilar m olecular w eight and are not resolved by SDS-PAGE 
m ethods, bu t the charge differences enabled the acidic and the basic non­
toxic isoform s to be resolved from the toxic isoform by acidic urea gel 
electrophoresis. Calculations of the net charge (Joubert, 1977) at high pH  
ind ica ted  tha t basic urea gel electrophoresis should resolve all of the 
isoform s. We therefore attem pted to purify the isoforms from the whole 
venom  using  b o th  acidic and basic urea gel electrophoresis to m onitor 
purification . Results indicated  that phospholipase A2 activity could be 
recovered from  both  basic and as well as acidic urea gels, despite the high 
an d  low  ru n n in g  pH , m aking this a very pow erful technique for 
m o n ito rin g  the  p u rifica tio n , iden tifica tion  and characterising  new  
isoform s of PLA2 .
O ur analysis show ed that the acidic isoform was the most susceptible of
the m ajor isoform s to activation by oleoyl imidazolide and a purification
m ethod w as devised to give greatest separating power for the m ore acidic
v en o m  co m p o n en ts . In  the estab lished  protocol the venom  w as
ch rom atographed  using  CM resins which do not retain the acidic form
an d  th e re fo re  canno t separate  it from other non-absorbed  acidic
com ponents. To overcom e this problem, ion exchange separations w ere
ca rried  o u t u s in g  DE resins. The com bination of new  sep ara tio n
techniques and  analytical m ethods resulted in the identification of at least
three new  phospholipase A2 isoforms from the venom.
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1,5,2.) Bee venom  phospholipase A?.
The venom  of the com m on European honey bee (Apis mellifera) w as 
found  to be the richest source for phospholipase A2 enzym e (Shipolini et 
a l ,  1971; Banks and Shipolini, 1986). Shipolini et al, (1971) described a five 
step  p rocedure for p reparing  the highly purified enzyme. They show ed 
th a t this enzym e is very stable and highly basic w ith p I 10.5. The am ino 
acid analysis of bee venom  PLA2 Shipolini et a l,  (1974a), was revised by 
K uch ler et a l ,  (1989) and  corrections w ere m ade. The bee venom  
p h o sp h o lip a se  A 2 w as reported  to have 14 carbohydrate m oieties in 
(1:1:8:4) fructose: galactose: mannose and glucosamine respectively.
1.6.) Gel electrophoresis.
Separation  of pro te ins and peptides w ith  sodium  dodecyl su lphate  
polyacrylam ide gel electrophoresis (SDS-PAGE) is widely used analytical 
m ethod  for determ ination  of purity  and approxim ate m olecular w eight. 
M obility of proteins on a well-defined system should correlate w ith  mass 
of SD S-protein  com plexes. M ost SDS-PAGE system s are capable of 
resolving proteins w ith  molecular masses between 10,000 and 300,000, bu t 
becom e ineffective for applications in which resolution is required below 
10,000. This system  also become ineffective where proteins have sim ilar 
m olecular w eights i.e. isoforms.
Snake venom s are a rich source of phospholipase A2 enzym es, b u t 
each venom  m ay contain m ultiple isoforms (Braganca and Sambray, 1967; 
Salach, et a l,  1971a; Salach, et al, 1971b; Kini and Gowda, 1983; H azlett and
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Dennis, 1985; Bhat and  G ow da, 1989; Bhat et a l , 1991; H einrikson, 1991) 
w hich  generally  have very sim ilar structures, bu t are norm ally separate 
gene p roducts (Pungercar, et a l,  1991; Oda et al,  1990; Ogawa et a l,  1992 
N akash im a et a l,  1993). These isoforms may differ in a variety of ways, 
inc lud ing  toxicity, m em brane lytic activity, m etal ion dependence and  
reactivity w ith  substrate and because the prim ary sequences of a very large 
num ber of isoform s are know n, they provide a very diverse system  to 
s tu d y  the re la tio n sh ip s  be tw een  structu re  and function. A lthough  
p h o spho lipase  A2 enzym es from different venoms may vary in size, the 
isoform s in a given venom  do not normally differ greatly in length and 
therefore they are no t resolved by SDS-PAGE (Evans et al,  1980; Van den 
Bergh et a l ,  1989). A lthough  m any isoform s differ by v aria tion  in  
hydrophob ic  am ino acids, the m ajority vary in the content of charged 
residues and  can therefore be separated by ion-exchange chrom atography 
and  identified by isoelectric focusing or by urea-based gel electrophoresis. 
U rea-gels have a very considerable cost advantage over isoelectric focusing 
m ethods and are well suited for running large slab gels which are ideal for 
com parative studies.
We have presented  im proved acidic and basic urea-page m ethods and 
dem onstra ted  that electrophoresis at high pH is more a pow erful m ethod 
for separating  isoforms (Ahmad and Lawrence, 1993). This clearly reflects 
the fact that isoform s tend  to differ more by the num ber of acidic than  
basic residues. Basic urea-PAGE enabled at least three new isoforms to be 
id en tified  from  the venom  of the sp itting  cobra Naja mossambica 
m o s s a m b ic a , one of w hich  w as a p rev iously  u n reso lv ed  m ajor 
com ponent, b u t the resolution was still not adequate to allow m inor
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isoform s to  be observed  in w hole venom  sam ples. Because u rea  gels 
norm ally  use a single electrolyte system  w hich is either a dilute acid or a 
d ilu te base, there is no obvious stacking or focusing procedure and protein 
b an d s  re ta in  th e  sh ap e  of the gel b o u n d a ry . H ow ever for h igh  
concentration gels, residual solution tends to polym erise in the w ells and 
thus d isto rt ban d  shape. To overcom e this we investigated the use of a 
d ilu te  gel overlay  and , at the  same tim e, also exam ined the effect of 
increasing the u rea concentration to 8M w hich is close to the m axim um  
possible.
P L A 2 activity can be recovered from  gel slices in acid or basic urea- 
PAGE desp ite  the extrem e p H  values and  a fu rther aim  w as to use the 
histochem ical m ethod of Shier and Trotter (1978) to detect PLA2 activity in 
h igh  reso lu tio n  e lectrophorogram s of w hole venom s as the basis of a 
sim ple m ethod  for m onitoring  purification.
1.7.) Conformation.
C ircular d ichro ism  stud ies of num ber of phospholipase A2 enzym es 
w ere carried  by num ber of groups. The p-helical content of phospholipase 
A 2 enzym es vary  from  27 to about 70 %. Well (1971a) studying  Crotalus 
adamanteus phospholipase A2 indicated that its pt-helical content is nearly 
70 %. Sim ilar resu lts  w ere obtained  for tw o phospholipase A2 enzym es 
ob ta ined  from  the  venom  of Agkistrodon halys blomhoffii (K aw auchi et 
al., 1971). The pi-helical contents of the tw o phospholipases A 2 from  
Vipera ammodytes venom  w ere estim ated to be 24 and 23 % respectively 
and the am ounts of (pL-helix, calculated by the m ethod of Bannister et al., 
(1973) w ere 28,27 and 22 % for DE-I, DE-II and DE-III
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respectively  w hile  ^ -stru c tu re  content w as considered to  be sm aller in 
p h o sp h o lip ase  A 2 . (G ubensek and  Lapanje, 1974; Joubert and  Van der 
W alt, 1975).
D u fto n  et aL, (1983) carried  o u t a c ircu lar d ich ro ism  s tu d y  of 
p h o sp h o lip ase  A 2 enzym es from  different venom s and has show n that 
their CD curves are qualitatively sim ilar, show ing extrem a at 223 nm, 210 
nm  an d  193 nm . These b ands norm ally  indicate p redom inan t helical 
s tru c tu re  fo rm  in  these  enzym es. The m ajor v a ria tio n s  b e tw een  
in d iv id u al spectra  are concerned w ith  ban d  in tensity  and  this m ay be 
connected w ith  d ifferent percentage contents of helix and structure in 
each case. A lthough  some of the CD spectra appear to show  considerable 
v a r ia tio n  in  th is  resp ec t, the su p p lem en ta ry  in fo rm atio n  suggests  
otherw ise. In  particu la r, the close sequential hom ology betw een Crotalus 
atrox and  Crotalus adamanteus enzym es im plies that their CD spectra are 
likely to be very  sim ilar (e.g. the bovine and porcine pancreatic enzymes). 
This being  the case, the C. atrox and  bovine pancreatic enzym e crystal 
structures can be com pared to show that a large difference in CD intensity 
seem s to  arise from  relatively sm all change in  tertiary  structure (i.e. the 
lose of helix D in  Crotalus  enzym e). F u rth erm o re , since the bov ine  
pancreatic enzym e and  the C. atrox enzym e sequences are am ongst the 
m ost d issim ilar in  the da ta  set, it is not expected that conform ational 
differences w ill substantially  exceed those h ighlighted by the tw o crystal 
s tructures.
A ccording to  Provencher (1981) analysis of the CD curves, the average 
ou
content of^helix is about 40 %, w hich com pares to observed contents of 50 
% in the bovine pancreatic enzym e and a sim ilar am ount in the Crotalus 
enzym e.
2 7
Introduction
D avidson an d  Dennis (1990) carried ou t sequence analysis and circular 
d ich ro ism  s tu d ie s  of In d ia n  cobra (Naja naja naja) venom  acidic 
p h o sp h o lip ase  A 2 . The PLA2 from  Naja naja naja gives a CD spectrum  
sim ilar to  spectra of other phospholipases A2 (Dufton et al,  1983), show ing 
extrem a at about 194, 204 and 220 nm. As expected by com parison to other 
venom  phospho lipases A 2 , the CD spectra of non-denatured  protein  are 
dom inated  pi-helical com ponents. The content of pt-helix in Naja naja naja 
phospholipase A 2 w as calculated by com puter curve-fitting to be betw een 
42 % (in H 2O, 20° C) and  50 % (in 10 mM CaCl2, 20° C).
D ijkstra et al., (1978, 81) gave a detailed  crystal s tructure  of bovine 
pancreatic phospholipase A2 a t 2.4A and at 1.7A resolution in which they 
show ed a clear p ictu re  of the position of the Ca2+ ion binding  site. This 
ion w as located in  the active site pocket and  surrounded  by seven oxygen 
ligands, in c lu d in g  possib le  in teractions of the N -term inus and  H 2 O 
m olecule w ith  the  active site. The involvem ent of the N -term inal region 
in the catalytic activity  w as discussed in detail (Dijkstra et a l ,  1981). This 
region w as rep o rted  to have a very  im portan t role in  the form ation of a 
specific site called  'Interface Recognition Site' (IRS) (Verger et a l,  1973; 
Van).
They p ro p o sed  th a t the induction  of this site requires a very exact 
ju x tap o sitio n  o f the  am ino  g ro u p  w ith  o th er atom s in  the p ro te in  
(S lotboom  a n d  De H aas, 1975). The 2.4A re so lu tio n  s tru c tu re  has 
established the presence of seven d isu lph ide bridges, of w hich tw o had  
not been  defined  chem ically, and at the same tim e they have show n th a t 
the secondary s tru c tu re  contains about 10 % J2 structure and  ca. 50 % pt- 
helix.
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O th e r p h o sp h o lip ase  A 2 enzym es from  snake venom s have been  
crystallised and  show ed a close structural resem blance to the pancreatic 
enzym e (Pasek et al., 1975; Keith et al., 1981). Burnie et al., (1985) proposed 
the existence of ionic b ridges w hich  form  an in tra-m olecule linkage 
betw een  the m onom ers in dim eric enzym es such as Crotalus atrox. This 
so rt of linkage involves the asparta te  in  position  49 w hich  is now  
believed to be very im portan t in  Ca^+ binding and catalytic activity of the 
m ajority  of phospho lipase  A 2 enzym es (Van der Bergh et al., 1989). The 
occupation of A sp 49 by  this linkage prevents the binding of the substrate 
at the active site in  the absence of Ca2+, b u t in  the presence of Ca^+ a 
conform ation change in  enzym e facilitates the substrate binding.
W hite et al., (1990) and  Scott et al., (1990) have determ ined the crystal 
s truc tu re  of the C hinese cobra venom  phospholipase A2 (Naja naja atra) 
in a com plex w ith  a transition  state analogue D iC s(2Ph)Ph acting an  
inhibitor. W hich w as found to b ind  firmly to the active site and the results 
show ed a considerable sim ilarity  w ith  the bovine class I phospholipases, 
how ever, they also reported  the presence of two Ca^+ binding sites in each 
of the m olecules of the asym m etric unit w here the prim ary Ca^+ is in the 
sam e location as the one repo rted  for pancreatic enzym e (Dijkstra et al., 
1981) w hich serves a catalytic activity. The secondary site w as found about 
6.6A aw ay from  the first site. Unlike the prim ary site, this site w as w eakly 
p en ta -co o rd in a ted  w h en  the  enzym e w as in h ib ited  by the tran sitio n  
analogue, b u t hepta-coordinated  in the inhibited form. Recently Pan et al., 
(1994) co rrected  an d  resolve som e d iscrepancy betw een  the sequences 
determ ined by  conventional pro tein  sequencing and X-ray crystallography. 
They reported  that the m ature enzym e is consist of 119 am ino acids and a
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27 am ino acid segm ent of signal peptide. The sequenced major PLA2 w ith  
p7 4.991 show s a h igh  degree of sequence hom ology to those PLA2 of the 
same or closely-related genus.
Bee venom  phospho lipase  A 2 show s very  puzzling  differences from  
the vertebrate secreted enzym es and it is structurally distinct from the class 
I /I I  super-fam ilies. The am ino acid sequence w as elucidated by Shipolini 
et a l ,  (1971), Shipolini, (1974) and M araganore et al,  (1986) and sequence 
deduced  from  cDNA clone show ed some difference from  the chemically 
determ ined  one. N evertheless the segm ents w hich contain the residues 
involved  in  the  Ca^+ b ind ing  and  catalysis w ere found to be the sam e 
(M araganore et a l ,  1987; Kuchler et a l ,  1989). Bee venom  PLA2 has also 
been crystallised by Scott et a l,  (1990) in  a complex w ith  the phosphonate 
tran sitio n  s ta te  analogue, and  it has been  show n tha t the functional 
sequences in  class I /I I  PLA2's w ere highly conserved in the bee venom  
enzym e, b u t in  a different architecture.
Recently Frem ont et al, (1993) have crystallised phospholipase A 2 from  
the venom  of Ind ian  cobra (Naja naja naja). The x-ray crystal structure w as 
determ ined to 2.3A resolu tion  by m olecular replacem ent techniques using 
a theoretical m odel constructed  from  hom ologous segm ent of the bovine 
pancreatic, porcine pancreatic  and  rattlesnake venom  crystal structures. 
The 119 am ino acid enzym e has an overall architecture strickingly sim ilar 
to the o ther k n ow n  PLA2 structures w ith  region im plicated in catalysis 
show ing the g rea test s tructu ra l conservation. In the crystal structure  of 
Naja naja naja PLA2 , it w as found unexpectedly that three m onom ers
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occupy the asym m etric u n it and are o rien ted  w ith  their catalytic sites 
facing the  p seu do-th reefo ld  axis w ith  =15 % of the solvent accessible 
surface of each m onom er buried  in trim er contacts.
1.8.) Phospholipase A?  assays.
N um ero u s m ethods have been described for assaying the action of 
p h o sp h o lip ase  A 2 on  d ifferent form s of phospho lip id  substrates, these 
assays w ere  sh o w ed  to vary  from  each o ther in  their sensitiv ity  in  
detecting the enzym e activity.
M arinetti (1965) described a sim ple m ethod for detecting the p roduct 
released  from  the  action of snake venom  phospholipases on egg yolk 
lipoproteins u sin g  silica acid im pregnated  paper, b u t this assay w as not 
suitable for the kinetic studies of these enzym es. De H aas et a l ,  (1971) and 
Wells (1972) u sed  titration m ethods to  study the kinetics of pancreatic and  
some venom  phospho lipase  A 2 enzym es. They reported  that the activity 
of l(ig  p ro te in  could  be detected. W ells (1972), Canziani et a l ,  (1982) Bon 
and Saliou (1983) described calorimetric assay for phospholipase A2 based 
on the fact tha t the p ro ton  release due to the ester hydrolysis changed the 
spectrum  of phospho lipase  A 2 by some of the dyes used. Radio-labelling 
and th in  layer chrom atography w ere also used to determ ine the activity of 
the p h o sp h o lip a se  A 2 enzym es. V an den  Bosch and  A arsm an (1979), 
G rossm an et a l ,  (1974), Shakir (1981), Dey et a l,  (1982) and K atsum ata et 
al., (1986) have rep o rted  the use of this m ethod for the detection of in tra­
cellular p h o sp h o lip ase  A 2 by  using  either a labelled fatty acyl chain or 
labelled lysophospholip ids.
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S pectrophotom etric  assays w ere in troduced  for the m easurem ent of 
phospholipase A 2 activity by A arsm an (1976) based on the use of thio-ester 
substrates w hich can be detected spectrophotom etrically after reaction w ith  
Ellm ans reagent. This m ethod was applied for m easurem ent of pancreatic 
p h o sp h o lip ase  A 2 enzym e activity on m onom eric lecithins by Volwerk 
(1979) an d  the degree of sensitivity was found to be 100-fold greater than  
the titrim etric  m ethod.
L aw rence (1971), Law rence and  M oores (1972) and  Lawrence (1979) 
developed  an assay system  based on the change in solution conductance 
w hen  a neu tral ester is hydrolysed to yield a fatty acid anion and a buffer 
cation. This is a general m ethod for m any enzym es and  has been used to 
m easu re  P hospho lipases A 2 , C and  D activities in  add ition  to protease 
activities (Drainas and D rainas, 1985; Mezna and Lawrence, 1994). It is also 
used to m easure erythrocyte leakage (Chettibi, 1990, Chettibi et a l , 1990) as 
the basis of indirect assays for PLA2 and also for lytic peptides.
The m ain  advantages of this apparatus over the conductim etric assay 
m ethods described  by o ther w orkers is the ability to  follow very early 
changes an d  so  to o b ta in  accu ra te  in itia l ra tes  and  also  to ru n  
s im ultaneous contro l reactions th a t can be sub tracted  to leave only the 
conductance change d u e  to the reaction. A pp ly ing  this m ethod it w as 
possible to  de tect the activity  of ln g  of p ro te in  w ith  a h igh  degree of 
accuracy.
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1.9. Aims of project.
M any proteins are post-translationally m odified by covalent addition of 
long-chain fatty  acyl groups either to -SH groups or to the term inal-NH,! 
group (Schmidt, 1989; Magee, A. and C ourtneidge, 1985; Magee, 1990). The 
acyl chain is believed to play a significant role in targeting proteins to their 
cellular designation , b u t there is no convincing evidence that in vivo fatty 
acylation is responsible for the m odulation of any enzym ic activity. In the 
case of p h o sp h o lip a se  enzym es the acyl chain  could  stab ilise  the 
interaction of the enzym e w ith  the substrate surface and thus act indirectly 
to increase the catalytic activity.
Earlier w ork  h ad  show n th a t venom  phospholipase A2 enzym es are 
susceptible to  activation by long chain fatty acylating agents (Drainas and 
Law rence, 1978; C am ero-D iaz et a l,  1985; Chettibi et a l ,  1990), b u t the 
n atu re  of th e  chem ical m odification  w as unknow n. K inetic evidence 
show ed th a t th is activation  w as not determ ined  by increased substrate  
affinity (D rainas, et a l ,  1978), b u t by an increase in the stability of an active 
conform ation  (Cam ero-D iaz et a l,  1985). Two m odelsfor activation have 
been suggested :-
1) That the acyl-chain acts as a hydrophobic anchor to the lipid surface.
2) That the acyl-chain is buried  w ith in  the p ro te in  w here it cannot act as 
an anchor, b u t increases the catalytic activity of the enzym e by forcing a 
conform ational change.
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The aim s of present study  were:-
1) To develop  electrophoretic  m ethod  (s) to m onitor phospholipase A2 
isoform  purification.
1) To find  an d  pu rify  an  ab u n d an t isoform  th a t could  be activated  by 
acylation.
2) To find  and  purify  an  abundan t isoform  tha t w as resistant to activation 
by acylation.
3) Try to characterise the site of acylation
4) To s tu d y  the m echanism  of activation of bee venom  phospholipase A2 
and  ac id ic  iso fo rm  of p h o sp h o lip ase  A 2 from  the venom  of Naj a  
mossambica mossambica an d  to d istin g u ish  be tw een  the hydrophob ic  
anchor m odel and  conform ational change m odel.
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Materials and Methods
Materials and  M ethods
2.1.) Gel Electrophoresis.
Three types of gel electrophoresis w ere used in this study
2.1.1.) Basic/Urea polyacrylamide gel electrophoresis (Basic gels).
In this s tudy basic urea gels w ere prepared in  two different ways. The 
first type w as developed as described by A hm ad and Lawrence (1993) and 
second type w as a fu rther m odification of m ethod of Chettibi et al., (1989). 
In the first type, the stock 20 % urea gel m ixture w as m ade by adding 20 g 
acrylam ide m onom er (NBS Biologicals, N orth  M ym m s, H atfield, H erts, 
England) 0.8 g of N ,N ’-M e th y len eb is -ac ry lam id e  (F isons sc ien tific  
equipm ent, L oughborough , England) and  36 g of urea (BDH laboratory 
supplies, Poole, England) in  d istilled  w ater to a total volum e of 100 ml. 
The 18 % and  16 % acrylam ide gels, w ere p repared  by d ilu ting w ith  6 M 
(i.e. 36 g per 100 ml) urea solution. The basic urea gels w ere then prepared 
by add ition  of 200 pi of ethanolam ine (2 % v /v ,  A ldrich chemical Co. Ltd., 
Dorset, England) to  10 ml of these solutions and  polym erised by addition  
of 50 pi of 10 % am m onium  persu lphate  (Sigma Chem ical Co. Ltd.) and  
lOpl TEMED (N ,N ,N ‘,N "-te tram ethy le thy lened iam ine, Sigma C hem ical 
Co. Ltd.). The solu tion  w as m ixed gently by pouring  3 to 4 times betw een 
two beakers and  p o u red  into the gel plates w ith  the comb positioned. The 
gel w as po lym erised  a t 37 ^C in an incubator in  order to obtain uniform  
setting. The gel d im ensions w ere either 1 x 140 x 110 m m  or 1 x 190 x 160 
nun. E thano lam ine  (2 % v /v )  w as u sed  as electrolyte in  b o th  tanks. 
Samples w ere  p re p a re d  by 1:1 v:v add ition  to  a so lu tion  of 0.005 % 
brom ophenol b lue in 50 % sucrose and  m igration w as tow ard the anode.
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The second type of basic urea gel w as m odification form of first type 
(A hm ad et al., 1994). In this type of gel a num ber of changes w ere m ade. 
Urea concentration w as increased from  6 to 8 M and a 7% spacer gel was 
cast on  top of the runn ing  gel. To 15 ml m ixture of 20 % urea gel m ixture 
(20 g acrylam ide, 0.8 g bisacrylam ide and 48 g urea in distilled w ater to a 
to tal v o lu m e  of 100 m l) 300 pi of e th an o lam in e  w as a d d e d  and  
polym erised by  add ition  of 15 |il of TEMED and 75 pi of 10% am m onium  
persulphate. The final m ixture w as m ixed and  poured  into the gel plates 
and abou t 300 pi of ethanol w as layered on the runn ing  gel in order to 
vi Skftv'p hoancLyy. i. The runn ing  gel was set in  about 15 m inutes at 37 °C . 
The ethanol layer w as poured  off and running  gel w as rinsed w ith  spacer 
gel solution(7 %) twice, p repared  by diluting 20 % gel urea m ixture w ith  8 
M urea To 10 m l of 7 % spacer gel m ixture 200 pi of ethanolam ine was 
added and  polym erised by the addition of 10 pi of TEMED and 50 pi of 10 
% am m onium  p ersu lp h a te  and  po u red  in to  gel plates w ith  the comb 
positioned. The spacer gel took about 20-30 m inutes to set.
2,1.2.) Propionic acid/urea polyacrylamide gel electrophoresis ( Acidic gels).
These types of gel w ere based on the m ethod of Panyin and Chalkley 
(1969) and w ere developed by Chettibi and Lawrence (1989) for the study of 
bee venom  peptides. In this study  the acidic gels w ere also of two types, the 
first based  on the m ethod of Chettibi and Lawrence and second type w hich 
is m odified form  of first type (A hm ad et al., 1994). The Acidic urea gels 
were then  p rep a re d  by add ition  of 200 pi of propionic acid (2 % v /v ,  
Aldrich chem ical Co. Ltd., Dorset, England) to 10 ml of 20 % acrylam ide 
solutions containing 6M urea and  polym erised by addition of 50 pi of 10 %
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am m onium  p ersu lp h a te  (Sigma Chem ical Co. Ltd.) and  10 |il TEMED 
(N ^ N ^ N '- te tra m e th y le th y le n e d ia m in e , Sigma Chem ical Co. Ltd.). The 
solution w as m ixed gently by pouring  3 to 4 tim es betw een tw o beakers 
and  p oured  into the gel plates w ith  the comb positioned. The gels were 
polym erised at 37 in  an incubator in  order to obtain uniform  setting. 
Acetic acid (2 % v /v )  w as used as electrolyte in bo th  tanks. The second type 
of gel w as p rep ared  sim ilarly to  the second type of basic urea gels except 
that propionic acid w as used instead of ethanolam ine and 2 % acetic acid 
was used as electrolyte in  both tanks. The acidic urea gel took a longer time 
to set com pared to basic urea gels. Samples were prepared  by mixing at 1:1 
v /v  w ith  n eu tra l red  dye solution ( 0.1 % neutral red  and 50 % glycerol ). 
Gels w ere  ru n  w ith  2 % acetic acid in b o th  anode and  ca thode 
com partm ents at 20 m A until the red dye approached the bottom  of the gel 
( about 2 hours).
2.1,3.) SDS gel electrophoresis.
D etails of m ethodology vary  w ith  the type of gel and  buffer system  
selected  b u t  certa in  chem icals and  so lu tions are com m on to m any  
m ethods.
Acrvlamide-bisacrvlamide. 30 %
A crylam ide 28.5 g
B isacrylam ide 1.5 g
To distilled w ater to m ake final volum e of 100 ml
3 7
M aterials and  M ethods
T Tpper tank buffer x 5
Trizm a base (Tris [H ydroxym ethyl]am inom ethane) 31.6 g
Glycine 20.0 g
Sodium  dodecyl sulphate (SDS) 5.0 g
To distilled w ater to m ake final volum e of 1 litre.
Lower tank buffer x 5
Trizm a base 60.5 g
SDS 5.0 g
To 1 litre distilled w ater and  pH  was adjusted to 8.1 w ith 5 M HC1
Running gel buffer
Trizm a base 18.15 g
SDS 0.4 g
pH 8.9 w ith  5 M HC1 and m ake the volum e to 100 ml w ith  distilled w ater
Stacker gel buffer
Trizm a base 5.9 g
SDS 0.4 g
pH 6.7 w ith  5 M HC1 and total volum e of 100 ml w ith  distilled w ater.
Boiling m ix tu re
Stacker gel buffer 2.5 ml
M ercep toethano l 2.5 ml
SDS 1.0 g
The m ixture w as w arm ed  until SDS dissolved com pletely then  abou t 0.5 
of glycerol and  of 1 % brom ophenol blue were added. The volum e was
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m ade to 10 ml w ith  distilled water. Samples w ere p repared  by m ixing 1:1 
v /v  w ith  boiling m ixture.
The gels w ere p repared  according to following protocol
Final acrylam ide concentration (%)
5 6 7.5 10 12.5 15
30 % acrylam ide (ml) 4 9.6 12 16 20 24
R. G. B. (ml) - 12 12 12 12 12
S. G. B. (ml) 6 - - - - -
Dis. w ater (ml) 14 26.4 24 20 12.4 8.4
Glycerol (ml) - - - - 3.6 3.6
TEMED (pi) 20 20 20 20 20 20
APS (pi) 200 150 150 150 150 15C
2.1.4.) Gel staining and destaining.
Gels w ere stained  for 30 m inutes w ith  0.1 % Coomassie brilliant blue G 
(Sigma Chem ical Co. Ltd.) p repared  w ith m ethanol 50% /w ater 50 % /acetic 
acid 7% an d  d es ta in ed  w ith  desta in ing  so lu tion  p rep ared  w ith  50 ml 
m ethanol, 70 m l acetic acid to total volum e of 1 litre w ith  distilled w ater.
2,1.5.) Rhodamine 6G gel electrophoresis.
This type of gel w as developed  based  on the principle of Shier and  
Trotter (1978). A ccording to this m ethod the phospholipase A2 activity w as 
detected follow ing electrophoresis in polyacrylam ide gels. A suspension of 
lecithin trap p ed  in the gel m atrix is used as the substrate. Enzyme activity
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was detected by  using rhodam ine 6G to stain unsaturated  free fatty acids 
released by enzym e action. This type of electrophoresis was carried out on 
basic u rea gels. To 15 ml of 20 % acry lam ide/u rea  m ixture purified egg 
lecithin w as added  to  m ake a final lecithin concentration of 5m g/m l. The 
m ixture w as sonicated and  300 pi of ethanolam ine w as added  and then  
polym erised w ith  the add ition  of 75 pi of APS and 15 pi of TEMED. The 
so lu tion  w as p o u red  in to  gel p lates and  about 300 pi of ethanol w as 
layered on. The runn ing  gel set in about 15 m inutes. A nd 7 % spacer gel 
was p repared  by  dilu ting 20 % acry lam ide/urea w ith  8 M urea. To 10 ml Of 
7% m ixture EDTA w as added to final concentration of 1 mM  and 200 pi of 
ethanolam ine w as ad d ed  and gel was polym erised by addition of 50 pi of 
10 % APS and  10 pi of TEMED. The ethanol layer was poured  off and gel 
was w ashed  twice w ith  spacer gel solution and poured  into gel plates w ith  
the com b positioned . E thanolam ine (2 %) containing 2 mM  EDTA w as 
used as an electrolyte buffer in bo th  tanks. Samples w ere p repared  either 
in the presence or absence of brom ophenol blue containing 2 mM EDTA. 
The p hospho lipase  A2 activity in  the gel was localised by incubating the 
gel at 37 °C  w ith  gentle shaking in a bath  containing 100 to 200 ml of 0.1 M 
triethanolam ine buffer of pH  8.0 containing 20 mM CaCl2, and m elittin (5 
pg /m l) and  d ilu ted  w ith  10 % by volum e of a 0.12 % aqueous solution of 
rhodam ine 6G. W hen one or m ore un it of PLA2 activity liberates 1 pm ol 
of titratable fatty acid per m in from  a lecithin em ulsion at pH  8.0 and 25 °C  
was u sed  in  the  gel, d a rk -red  bands ind icating  the presence of free 
unsaturated  fatty  acids becam e visible in  about 10 m inutes even w ithou t 
w ashing o u t excess dye. A t the end  of incubation period, the gels w ere 
w ashed w ith  n u m ero u s  changes of w ater, w hich ultim ately rem oved all 
the dye from  the cleared zone. H ow ever, w hen very high levels of
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p h o sp h o lip a se  A 2 activ ity  w ere used, sta ined  central spots that w ere 
resistan t to ex traction w ith  w ater rem ained. The w ashing procedure did 
not stop the enzym e activity if EDTA was not added  to the w ashing bath. 
The gels w ere  p h o to g rap h ed  w ith  reflected w hite light against a black 
background.
2.2.) Protein purification.
L y o p h ilised  w ho le  venom s of Naja mossambica mossambica, Naja  
naja, Naja haje, Naja nivea, Naja hannah ( king cobra) , Naja naja atra, 
Naja nigricollis nigricollis, Naja nigricollis pallida, Naja nigricollis  
cra w sh a w ii ,  Naja melanoleuca, Crotalus atrox, Crotalus adamanteus, 
Bungarus fa sc ia tu s , , ,  Vipera russelli (Russell's viper), Enhyrina schistosa 
(com m on sea snake), Agkistrodon piscivorus piscivorus and  Bee venom  ( 
Apis mellifera) w ere pu rchased  from  Sigma Chem ical Co. Ltd., D orset, 
England an d  d isso lved  in  d istilled  w ater in  the presence of pro tease 
inhibitor p h eny l m ethy l su lphonyl fluoride (PMSF). All buffers used for 
protein  purifica tion  w ere p rep ared  from  20 mM am m onium  acetate and 
the p H  w as ad justed  by  add ition  of am m onia solution. Bio-gel P-30 was 
purchased from  BioRad, H ertfordshire, U. K., and p repared  as a colum n 
(3.5x40 cm) in  20 m M  am m onium  acetate, pH  6.35, which w as also used  as 
e lu ting  b u ffe r. DE-52 p u rch ased  from  W hatm an  Ltd co lum n w ere  
prepared as described elsew here for appropriate  proteins and  equilibrated 
in 20 m M  am m o n iu m  acetate buffers (pH  range 9.8 to 5.0). C olum n 
effluents w ere m onitored by UV absorption either at 206 or 280 nm, by gel 
electrophoresis and  by  PLA2 activity m easurem ents using the conducti-
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m etric m odified  m ethod  as described elsew here. G radients w ere m ade 
using a sim ple sealed gradient form er w ith  pum ped  efflux w ith  passive 
connection to a reservoir of the second buffer.
2.3.) Identification and recovery of enzyme activity.
The n u m b er of new  isoform s of PLA 2 w ere iden tified  in Naj a  
mossambica mossambica, Naja naja atra and  Agkistrodon piscivorus  
piscivorus venom s by  basic urea gel electrophoresis, as phospholipase A2 
activity  w as recovered  from  basic and  acid urea gels. Enzym es w ere 
subjected to basic u rea gel electrophoresis such that dye front m igrated > 
135 m m . The p u rified  phospho lipase  A 2 isoform s w ere ru n  into tw o 
lanes, experim ental and  guide lane in basic urea gels. These were separated 
and the  guide lane stained  w ith  Coom assie blue. The experim ental lane 
was aligned w ith  the guide lane, cut into 1-1.5 m m  slices and extracted by 
m acerating in  10 m M  triethanolam ine buffer of pH  8.0 in an ependorf tube 
using a th in  glass rod, the suspension w as then centrifuged for 15 m inutes 
and filtered by  m eans of 1 ml syringe connected to a filter chamber. The 
sam ples w ere assayed  as described elsew here b u t using 1 mM CaCl2 to 
en su re  m ax im u m  sen sitiv ity . All assay  w ere  m ade in  trip lica te . 
P h o sp h o lip ase  A 2 activity  w as recovered w ith  h igh  yield. In o rder to 
recovered PLA 2 activity  from  acidic urea gels, the gels w ere p re ru n  for 
about th ree hours. Both the u p p er and low er tanks buffer w ere changed 
and then  enzym es w ere ru n  in tw o lanes as experim ental and guide lane. 
And enzym es w ere extracted as described above. PLA2 activity w as also 
recovered w ith  high  yield. For analysis of Naja naja atra PLA 2 isoforms,
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different fractions from  Biogel P-30 colum n of w ere ru n  and  a new m inor 
isoform  w as identified by chromogenic assay as described in rhodam ine 6G 
gel electrophoresis. Sim ilarly new  isoform s in  the venom  of Agkistrodon 
piscivorus piscivorus w ere identified  by chrom ogenic assay m ethod by 
using different Bio-gel P-30 fractions.
2.4.) Preparation of buffers.
2.4.1,) IgQtQnic saline,
Isotonic saline buffer w as u sed  for the p rep ara tio n  of m am m alian  
ery throcytes, w hich  w as s tan d a rd  isotonic saline buffered  w ith  10 m M  
MOPS, p H  7.4. N ine gram s of sodium  chloride (NaCl, Fisons scientific 
equipm ent, Loughborough, England) w as dissolved in 900 ml of distilled 
w ater in  the presence of 10 ml of 1 M NaOH. The pH  was adjusted to 7.4 
w ith MOPS (Sigma Chem ical Co. Ltd.) and  final volum e was m ade up to  1 
litre w ith  d istilled  w ater.
2.4.2.) Erythrocyte assay buffer.
These assays req u ired  a low  conductance, isotonic buffer w hich w as 
p rep ared  b y  d isso lv ing  98 g of sucrose ( Fisons scientific equ ipm ent, 
Loughborough, England) in 900 ml of distilled w ater containing 10 ml of 1 
M N aO H . The pH  w as adjusted to 7.4 w ith  MOPS and final volum e w as 
made u p  to one litre w ith  distilled water.
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2.4.3.) Triethanolamine buffer (cationic buffer.
The stock so lution of 200 mM triethanolam ine was prepared by mixing 
40 m l of 5 M hydrochloric acid (HC1) in 900 ml of distilled w ater and pH  
was b ro u g h t to 8.0 w ith  triethanolam ine (Sigma Chem ical Co. Ltd). The 
final vo lum e w as m ade u p  to one litre w ith  distilled  w ater. The stock 
solution w as d ilu ted  to 10 mM for use.
2.5.) Preparation of erythrocytes.
A bout 20 ml of blood w as taken from New Zealand w hite rabbits ( from 
anim al house , D ep a rtm en t of Physio logy, G lasgow  U niversity ) and  
collected into a universal contain ing heparin  (Sigma Chem ical Co. Ltd., 
0.1-0.2 m g /m l of blood). The blood was centrifuged at 3000 rpm  for 15 
m inutes, the se ru m  an d  buffy coat w ere rem oved by asp ira tion  w ith  
vacuum  p u m p  an d  the cells w ere resuspended  in isotonic saline. The 
w ash ing  p ro c e d u re  w as rep ea te d  for th ree  tim es and  finally  the  
ery th rocy tes  w ere  m ad e  u p  to 33 % v:v w ith  iso tonic  saline. The 
erythrocytes w ere stored in  the fridge and used w ithin five days.
2J?t) PrepjirfltiQn of substrates,
2j?.l.) A nalysis and detection of phospholipids.
P hospho lip ids w ere routinely  analysed by th in  layer chrom atography 
(TLC) as follows. A d rop  of solution of phospholip ids were spotted  onto 
the silica gel coated, plastic TLC sheets (Mark AG Darmstaf, Germany) and
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allow ed to  dry . The ch rom atogram  w as developed  by a so lu tion  of 
c h lo ro fo rm /m e th a n o l/a c e tic  a c id /w a te r , 2 5 /1 5 /4 /2  respectively . The 
chrom atogram  w as d ried  and phospholipids w ere detected by dipping  the 
sheet in to  a beaker containing the m olybdenum  blue reagent and  then  
rinsing the sheet in  cold w ater. M onoacyl and  diacyl phospholipids gave 
stable b lue  spots, b u t g lycerophosphoryl choline gave b lu e /g re e n  spot 
w hich faded  very  rap id ly . To detect am ino phospholip ids phosphatidyl 
ethanolam ine and  phosphatidy l choline, the chrom atogram  was sprayed 
w ith  n in h y d rin  reag en t and  heated  to develop the full colour tensity. 
After this, it w as d ipped  in  m olybdenum  blue to detect all phospholipids.
2.6.2.) Preparation of egg yolk lecithin.
Lecithin (1,2 acyl-3-sn glycerophosphatidylcholine) was prepared  by the 
m ethod of Brockerhoff and  Yurkowski (1965). Three dozen egg yolks w ere 
separated , hom ogen ised  in 500 ml acetone and  filtered to rem ove the 
acetone along w ith  the yellow pigm ents and oils. This w as repeated three 
times to  give a pale volum inous precipitate. It was found to be im portant 
to use a h igh  vo lum e of acetone at each stage rather than  m ore w ashes 
with sm aller volum e. The w hite precipitate w as extracted w ith  ethanol (1 
litre) by  stirring  for 30 m inutes and  filtering. The precipitate was discarded 
and the so lution evaporated  to dryness. The product was checked by TLC. 
This m a te ria l co n ta in ed  tw o  m ajor p h o sp h o lip id s  co rresp o n d in g  to 
phosphatidyl choline (PC) and  phosphatidyl ethanolam ine (PE).
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2.6.3.) Purification of lecithin.
The egg yolk  lec ith in  p rep ared  above w as fu rther purified  on  an 
alum ina colum n (alum inium  oxide, activated, neutral, A ldrich Chem ical 
Co. L td ., D orset, E ngland). The m ain  p h o sp h o lip id s  of lecith in  are 
p h osphatidy l e thanolam ine and  phosphatidy l choline. The lecithin w as 
dissolved in  chloroform  and  applied  to alum ina colum n, prew ashed w ith  
chloroform . The colum n w as w ashed tw o or three tim es w ith  chloroform  
until all p h o sp h a tid y l ethanolam ine w as elu ted  and  there w as no b lue 
band on  TLC plates. The phosphatidy l choline w as then  elu ted  w ith  a 
m ixture of ch lo ro fo rm /m ethano l in  ratio of 10:1.
2.6.4.) Preparation of glycerophosphorvlcholine (GPC).
GPC w as p rep a red  by  a new  m ethod (Lawrence et al. unpub lished  
results). 60 g of crude lecithin (PC+PE) was dissolved in 500 ml m ethanol 
and m ixed w ith  a strong base anion-exchanger resin (Amberlyst A26, BDH, 
Co. Ltd.) w hich  w as p repared  in its hydroxide form by m ixing 100 ml of 1 
M N aO H  so lu tion  w ith  50 g A m berlyst resin, stirred  for 15 m inutes and  
w ashed four tim es w ith  distilled w ater and  then  four times w ith  ethanol. 
The m ixture of lecithin-resin was stirred at 55 °C .
The progress of the reaction w as judged by spotting the solution on the 
TLC sheet an d  sta in ing  w ith  m olybdenum  blue. Reaction progress w as 
assessed from  the colour and stability of the spot (lecithin and lysolecithin
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gave stab le b lue  sp o t b u t GPC gave a b lue greenish  spot w hich fades 
com pletely w ith in  5 to 10 m inutes). Using this test the reaction w as found 
to reach com pletion in  tw o to three hours.
0
0 CH2-0-C-R1 i ■x , -  CH2-0H
DO r  n ru  ~ Amberlite IRA/OH Xu nu «R2-C-0-CH 0 ------------------ -------------  CH-OH o +  +
CH2-0-f-0-CH2-CH2-N(CH3)3 CH2-0-i=-0-CH2-CH2-N(CH3)3  
O' O'
Lecithin GPC
0-CH3 0-CH3
I I
C : 0 + C - 0
I I
R1 R2
Methyl esters
The resin  w as rem oved  by filtra tion  and  the solvent evaporated  off
leaving an  oil resid u e  w hich  w e believed w as GPC contam inated w ith
glycerol. Tests show ed that the only solvent w hich could dissolve glycerol,
but no t GPC w as dim ethyl-form am ide (DMF). The residue was therefore
w ashed w ith  d im eth y l fo rm am ide and  the su p ern a tan t decan ted , the
residue g lycerophosphatidylcholine w hich w as w ashed three times w ith
ethyl acetate to rem ove DMF. The residue w as then dissolved in ethanol
and deionised  by  m ixing the solution w ith  m ixed bed  resin Dowex MR-3
(Sigma C hem ical Co. L td.), s tirring  con tinuously  and  checking of the
conductance every  5 m inutes. W hen the conductance read ing  of the
m ixture w as equal to the conductance of ethanol, the resin w as rem oved
by filtra tion , the  so lven t ev ap o ra ted  com pletely, and  the GPC w ashed
again w ith  chloroform . The chloroform  w as poured  off and the solid w as
vacuum  dried  and  stored  in the fridge.
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2.6,5,) Preparation of dioctanoylphosphatidylcholine.
G lycerophosphory lcho line  (GPC) w as u sed  for the p rep ara tio n  of 
d ih ex a n o y l, d ih e p ta n o y l, d io c tan o y l, d in o n an o y l an d  d id ecan o y l 
phosphatidy l cholines for use as phospholipase A2 substrates. The m ost of 
the w ork  w as w ith  the dioctanoylphosphatidylcholine called here DiCsPC.
This w as p rep ared  by  a m odification of the m ethod of Patel et al (1979). 
These w orkers used  the cadm ium  chloride adduct of GPC which is soluble 
in d im ethy l sulphoxide, b u t in  the present w ork the free base was used to 
m in im ise the p o ssib ility  of m eta l-ion  con tam ination . A so lu tion  of 
octanoic an h y d rid e  w as p repared  by mixing tw o m oles of octanoic acid 
w ith  1 m ole of 1,3-clicyclohexylcarbodiim ide in  dry  m ethylene chloride. 
After the reaction w as over the solution w as filtered and  evaporated. The 
reaction proceeds as follow.
0
+ 2R-C00H
H2C12 -NHCNhh
dicyclohexylcarbodiimide Fatty acid Dicyclohexylurea
0
II
+ 0
II
0
Anhydride
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Tw o m l of the  an h y d rid e  w as d issolved in  10 ml of dry  benzene 
containing 0.145 g (1 m m ol) of 4-pyrro lid inopyrid ine and 0.4 g of GPC. 
This w as stirred  overnight at 45 °C  to 50 °C , the progress of the reaction 
w as ch eck ed  b y  th in  lay er ch ro m a to g rap h y  as d escribed  above, 
chloroform :m ethanol:acetic acid:w ater (25:16:4:2). After the reaction w as 
over th e  b en zen e  w as ev ap o ra ted , the p ro d u c t w as d isso lved  in  
chloroform , an d  ap p lied  to a lum ina colum n w hich w as w ashed  w ith  
chloroform  and  p roduct elu ted  w ith  1 to 8 v /v  m ethanol/chloroform . The 
elute w as  collected  in  u n iversa l bottles and  analysed  by  th in  layer 
ch ro m ato g rap h y . The sam ples con ta in ing  d iacyl p h o sp h o lip id  w ere 
pooled a n d  ev ap o ra ted  to dryness. The solid , dioctanoyl phosphatidy l 
choline (DiCsPC), w as w eighed, dissolved in m ethanol and deionised w ith  
Am berlite, m onobed resin MB-3 (BDH Chemical Ltd. Poole, England)
0
CH2-0H r - K
CH-OH o + + 0 +
CH2-0-i=-0-CH2-CH2-N(CH3)3 r - q /
II
O' U
GPC F. A. Anhudnde 4-Pyrrolidinopyridine
II
0 CH2-0-C-R
+
R-C-O-CH 0
C H 2 -0 - f -0 -C H 2-C H 2
0"
-N(CH3)3 \
Diacylphosphatidyl Choline
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2.7.) Preparation of activators.
2.7.1.) Preparation of fatty acvlimidazolide.
The stock so lu tion  of 200 mM  fatty-acyl im idazolide of different fatty 
acids w ere p rep ared  by m ixing 1:1 of free fatty  acid (Sigma Chemical Co. 
Ltd.) and  l,l '-C arb o n y ld iim id azo le  (slightly excess)(Aldrich Chemical Co. 
Ltd.) in  1 ml of d ry  acetone and used w ithout further purification.
The p u re  acy lim id azo lid e  w as p re p a re d  by m ixing  one m olar 
eq u iva len t of free fa tty  acid d isso lv ed  in  acetone w ith  tw o  m olar 
equivalents (in excess) of l , l “-Carbonyldiim idazole.
After 10 m inutes the acetone was evaporated and  the solid extracted w ith  
dry pe tro leum  ether. The precip ita te (im idazole) w as rem oved from the 
solvent. The solvent w as evaporated  to dryness, a second petroleum  ether 
extraction w as carried ou t to rem ove any traces of im idazole from  the fatty
R-C00H + Dry acetone NCOR +
Fatty acids 1,1-carbonyldiimidazole Fatty acid imidazolide
N ^ \
NH + C02
Imidazole
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acylim idazolide, then  the solvent w as evaporated  and  the solid  of pure 
fatty acylim idazolide (activator) was stored (A. J. Lawrence , unpublished 
result). The stock solution of 200 mM was dilu ted  to 4 mM  for use.
2.7.2.) Preparation of 3fH1-oleoyl-imidazolide.
^H -oleoyl-im idazolide w as prepared  by m ixing 0.14 m g of ^H-oleic acid 
w ith 0.56 m g of cold oleic acid in 1ml of toluene and about 150 pi of this 
dilu ted so lu tion  w as stored as such. The solvent was evaporated and solid 
was d issolved again  in  0.5 ml Of dry acetone and 1,1—ca rb o n y ld iim id a z o le  
was m ixed w ith  labelled fatty  acid to form  ^H -oleoyl-im idazo lide. The 
acetone w as evapora ted  and  solid extracted w ith  5 ml of d ry  petroleum  
ether to rem ove any excess im idazolide. The solvent w as then rem oved by 
freeze-drying and  the solid w as dissolved again in 0.5 ml of acetone.
2.7.3.) Activation of phospholipase A? by acyl-imidazolide.
This w as carried ou t as described by Camero-Diaz et al (1985). Five pi of 
200 m M  trie th an o lam in e  b u ffer w as a d d ed  to 95 pi of 1 m g /m l 
p h o s p h o lip a s e  A2 and  th en  trea ted  w ith  2 pi of 4 mM  fatty  acid 
im idazo lide to  give equ im olar am ounts of activator and  enzym e. The 
reaction reached to com pletion after one to two hours incubation at 37 °C .
2J.) The determ ination of protein concentration.
Several m ethods have been  developed for the determ ination of
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protein  concentration. O ver the years m any indirect and  direct techniques 
have b een  d escrib ed  for the  m easu rem en t of p ro te in  concen tra tion  
(Gaspar, 1980). Of the form er procedures, the m ost im portant technique is 
the d e te rm in a tio n  of n itro g en  by K jeldahl m ethod. The la tter g roup  
includes p ro ced u res such  as in frared  spectrophotom etry , tu rb id im etry , 
fluorim etry , refractom etry  and  polarography. If the prim ary  sequence of 
the p ro te in  u n d e r investigation  has been  estab lished , then  analysis of 
am ino acids com position can yield accurate quantitative data. It should be 
rem em bered th a t certain  am ino acids , especially tryp tophan , cystine and 
cysteine, are particu larly  sensitive to acid hydrolysis, m aking data on these 
am ino acids u n re liab le . In ad d itio n , g lu tam ine  and  asp arag in e  are 
converted to their respective acids by acid hydrolysis from they therefore 
indistinguishable. In practice, of course, the requisite am ino acid sequence 
data w ill o ften  no t be available to the purification scientist. The m ethods 
m ost com m only used  today  for the m easurem ent of protein concentration 
are based  either on  u ltrav io let (UV) absorption of the pro te in  solution or 
visible reg io n  sp ec tro p h o to m etry  after reaction  of the p ro te in  w ith  a 
chemical to generate chrom ophores.
H ere in  o rd e r to  m easu re  the concen tra tion  of the bee venom  
p h o s p h o lip a s e  A 2 , th re e  d iffe ren t m eth o d s w ere  used , u ltrav io le t 
spectrophotom etry , visible spectrophotom etry using bradford  reagent and  
the m ost accurate am ino acids analysis. M ost protein  exhibit an  absorption 
m axim um  a t 280 nm  w hich  is a ttrib u tab le  to the phenolic  g roup  of 
tyrosine
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and the indolic g roup of tryp tophan . The extinction coefficient, usually  
expressed e ither as E 2 8 0 ^ °  or E280l m S/m 1' varies significantly from  
pro te in  to  p ro te in  d ep en d in g  on  the precise am ino acid com position.
Values of E280^m S / m  ^ for m ost pro te ins lie in  the range 0.4-1.5, b u t
ex trem es in c lu d e  som e p a rv a lb u m in s  an d  re la te d  C a2 + - b in d in g  
proteins(O.O) an d  lysozym e (2.65). The m ethod  is consequently  ra ther 
inaccurate  u n less  the p ro te in  is re la tive ly  p u re  and  its ex tinction  
coefficient is k n o w n  and  calibrated  against d ry  w eight. We used  bee 
venom  phospho lipase  A 2 enzym e sample, and  other sam ple was lm g /m l 
album in  w as tak en  as a s tan d ard . Their absorp tions at 280 nm  w ere 
m easured.
A bsorption of sam ple 0.326
A bsorption of lm g /m l album in 0.494
And the concentration of sam ple 1 was calculated on the basis of album in 
was 0.65 m g /m l.
W hen the concentration  of the sam e sam ple w as determ ined  using  
Bradford reag en t and  their absorp tion  w as m easured  at 595 nm . The 
concentration of the bee venom  phospholipase A 2 w as calculated (using 
lm g /m l album in  as a standard), it was this 0.33 m g /m l. The spectrum  of 
the sam e sam ple is show n in  the figure 2.8.1.
Here m easu rem en t of the concentration  of phospho lipase  A 2 w as 
done b y  am in o  ac id  a n a ly s is  u s in g  h ig h  p e rfo rm an c e  liq u id  
ch rom atography  (HPLC) on 820-FP spectrofluorom eter w ith  taurine  as 
internal s tandard  for analysis. The table 2.8. shows the
5 3
Figure. 2.8.1. Ultraviolet spectrum of the bee venom phospholipase A2 . 
Purified bee venom phospholipase A2 was dissolved in  distilled w ater 
and ultraviolet(UV) absorption spectrum was recorded betw een 220 and 
320 nm  u s in g  S h im adazu  UV-160A, U V -V isib le re c o rd in g
spectrophotometer.
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Table 2.8. Amino acid analysis of the bee venom phospholipase A2
Amino Concentrate Standard Sample Corrected
acids (mM) (area) (area) (mM)
Asp 0.1 417.470 329.869 0.15
G lu 0.1 393.428 158.969 0.08
Ser 0.1 324.390 235.875 0.14
His 0.1 323.531 142.737 0.08
Gly 0.1 416.581 237.951 0.11
T hr 0.1 425.325 246.473 0.11
Arg 0.1 534.523 180.759 0.06
Ala 0.1 402.356 107.509 0.05
Tau 0.1 478.384 500.414
Tyr 0.1 487.481 167.546 0.07
M et 0.1 506.241 54.848 0.02
Val 0.1 618.918 131.314 0.04
Phe 0.1 422.851 104.079 0.05
lie 0.1 465.071 55.273 0.02
Leu 0.1 599.328 232.988 0.07
Lys 0.1 181.484 106.122 0.11
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concentrations of s tandard  am ino acids and  concentrations sam ple am ino 
acid. T he a rea  w as calcu la ted  from  figure  2.8.II. by co m p u terised  
program m ing. The corrected concentration of each am ino acids (as show n 
in tab le  2.8.) w ere  calcu lated  by the follow ing form ula and  from  the 
corrected concentrations of am ino acids the concentration of sam ple w as 
calculated, this tim e the concentration was 0.12 m g /m l. This concentration 
was taken  as standard.
Calculation Of A m ino acid concentration
= Area of sample A. A. x O.lx DF = mM 
Area of std. A. A.
0.1= Concentration of std run  
DF=Dilution factor
2.9.) Sample preparation for FT-IR.
2.9.1.) Preparation of activator.
For FT-IR s tu d ie s  p h o sp h o lip ase  A2 w as activated  w ith  lau ry l- 
im idazolide, w hich  w as prepared  as follow.
One m olar equ iva len t of la u r ic - l -^ C  acid (99 atom % Sigma
Chemical Co. Ltd.) w as mixed w ith 1 molar equivalent (used in slightly
excess) of 1,1—carbonyld iim idazo le  in 1 ml of d ry  acetone. The solvent
acetone w as evaporated  to  dryness and solid was dissolved in  acetonitrile.
The activator w as used as such w ithout further purification. Similarly 200
naM lau ry l-im id azo lid e  w as p rep ared  in dry  acetone and acetone w as
evaporated to d ryness and  solid w as dissolved in acetonitrile.
55
Materials and Methods
Figure 2.8.II. Amino acid analysis of the bee venom phospholipase A2 . 
The bee venom PLA2 sample (500 pi) was added to thurnberg  tube and 
500 pi Aristar HC1 and 10 pi of 10 mM taurine (internal standard) w as also 
added. The tube was sealed under vacuum and hydrolyse in oven for 24 
hours at 106°C. The tube was removed, cooled and placed in a dessicator 
and lyophilised to dryness and the sample was washed twicely w ith  500 
pi of w ater and lyophilised and was dissolved in 1 ml d istilled  w ater. 
From 1 ml of sample 500 pi was diluted to 1 ml (1:2 dilution) w ith  dis. 
water, and ready for analysis. Twenty pi sample was injected onto HPLC 
for analysis using Phenomenex ULTRACARB C8 5pm colum n and 820-FP 
spectrofluorometer.
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2.9.2.) Phospholipase A2 preparation.
Bee venom  phospholipase A2 w as purified as described elsewhere. The 
lyophilised  20 m g (on w eigh t basis) bee venom  phospholipase A 2 w a s  
dissolved into 1 m l of deu terium  oxide (99.9 atom  % D, Sigma Chemical 
Co. Ltd.) tw o days before experim ent. Sim ilarly 10 m g of acidic isoform  
from N aja m ossam bica m ossam bica was dissolved in 750 jil of deuterium  
oxide. The p h o sp h o lip ases  A 2 bo th  from  bee and snake venom  w ere 
activated w ith  lauryl-im idazolide and  lauryl-l^C -im idazolide.
FT-IR sp ec tra  w ere  reco rd ed  using  a N icolet 60SX spectrom eter 
eq u ipped  w ith  a N icolet 1280 com puter and  w ith  a m ercury-cadm ium  
telluride type A detector. The instrum ent w as purged  continuously w ith  
dry air to  m ain tain  a very low w ater vapour pressure (-70 °C  dew  point); 
the sam ple  cell (CaF2, 50 |im  path len th) w as filled and em ptied  from  
outside the  in stru m en t in  order to m aintain the purge. For each spectrum  
1000 scans w ere averaged (500 m s/scan) at a resolution of 2 cm“l.
2.10.) Sample preparation for Circular Dichroism.
For circular d ichro ism  (CD) stud ies phospholipase A2 concentration  
was de term ined  by  am ino acid analysis described elsewhere. Lyophilised 
acidic iso fo rm  of PLA 2 from  venom  of Naja mossambica mossambicca 
and bee venom  PLA2 w ere dissolved in 10 mM Borate buffer of pH  8.0. In 
both cases the so lu tio n  w as d iv id ed  into tw o parts and  one p a rt w as 
activated w ith  oleoyl-im idazolide. C. D. spectra of native and activated bee 
and acidic form  of snake venom  phospholipases A2 were recorded over
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the range of 260 to 190 nm  using a JASCO J-600 spectropolarim eter w ith  
IBM PS2 control and da ta  acquisition. All spectra w ere recorded at 25 °C  
using cell p a th  length  of 0.1 cm.
2.11.) Sample preparation for fluorescence.
Bee venom  PLA2 an d  acidic isoform  of PLA2 from  Naja mossambica 
mossambica w ere dissolved in 10 mM  borate buffer of pH  8.0. Fluorescence 
spectra of native and activated form s of PLA2 (w ith oleoyl-im idazolide) 
from bee and  snake venom  w ere recorded at 25 °C  using Perkin Elmer 
Lum inescence spectrom eter LS 50B.
2.12.) The conductimetric apparatus.
The conductim etric apparatus w as developed by Lawrence (1971). The 
original ap p a ra tu s  w as six cell system , w hich w as further m odified by 
Lawrence (1975) and C hettibi et al (1990). The reaction cell was a glass tube 
of 1 cm d iam eter w ith  2 p latinum  electrodes of ca 2 m m  diam eter fused 
into the w all of the cell and  sealed from  the outside by magnetic pellet.
The cells were m ounted in a water bath, temperature controlled by a high 
precision therm oster-operated relay working as a high gain on /off switch. 
Results w ere p resen ted  in  e ither num erical or graphical form as 
conductance values or differences between successive readings. Automatic 
subtraction facilities w ere provided for any cell selected as a blank 
(control).
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2.12.1,) The circuit.
The m easuring  circuit is an  AC bridge w ith  reference (control) and cell 
arms. In  the original design, a diode netw ork w as used to obtain a linear 
difference tha t w as sign-dependent. The ou tpu t from each of eight bridges 
was fed in to  an analogue selector switch.
The p resen t circuit w as redesigned  using an ARC-PCB program m e and  
built w ith  low -noise operational am plifiers. The AC com ponent of each 
arm of the  b ridge  w as fed th rough  an analogue selector sw itch and then  
rectified in  an  active precision  rectifier netw ork follow ed by  a voltage 
compactor. This circuit w as m ore compact than  the original and  had lower 
noise characteristics, b u t the m ain source of noise appeared  to be in  the 
cells them selves.
2.12.2.) Calibration.
Because of varia tion  of the distance L betw een the tw o electrodes and the 
difference of the area A of the electrode, the specification of the cells 
tended to  v ary  by  ab o u t ± 10 %. This w as corrected by an  electrical 
adjustm ent of circuit gain  of the arm  of the bridge w hich contained the 
cell. In  the presen t system  the correction w as by num erical data processing. 
To obtain  the correction values the following procedure was adopted. Two 
ml of 10 m M  triethanolam ine buffer of pH  8.0 was added to each cell and  
when the conductance read ing  becam e steady, a series of 2 pi aliquots of 
isotonic saline w as ad d ed  to each cell, w ith  a delay betw een each addition, 
and the conductance change m easured each time. These readings were
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p lo tted  to  show  lin ea rity  and  the g rad ien ts used  to  de term ine the 
correction factors for each  cell. These w ere sim ply m ultip ly ing  factors 
w hich m ade all of the readings identical.
2.13.) Phospholipase A?_assays.
Tw o d ifferen t conductim etric  assay m ethods w ere used  to s tudy  the 
kinetics of phospholipases A 2 isoforms. The first assay w as used in order 
to s tu d y  the  catalytic activity  of phospholipase A2 enzym es directly by 
follow ing the hydro lysis of various phospholip id  substrates, w hereas the 
second assay  w as app lied  on  erythrocytes by follow ing the progress of 
leakage of e lec tro ly tes from  in tact cells, th is w as used  for s tu d y  of 
activation m echanism  of phospholipases.
2*13.1.) Calibration of the phospholipase A? assay.
C alib ra tion  of p h o spho lipase  A2 assay w as carried ou t by repeated 
a d d itio n  o f 2 p i of 100 m M  octanoic  acid  to 2 ml of 10 mM 
trie th a n o la m in e /C l‘ buffer of pH  8.0 to mimic the ionic change caused by 
phospholip id  hydrolysis;
(CH2-CH2-OH)3N + R-COOH >(CH2-CH2-OH)3N+H + R-COO"
The conductance change w as corrected for d ilu tion by carrier solvent and 
plotted against the fatty  acid concentration. Fig. 2.15.1.
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Figure 2.13.1. Calibration of the conductimetric assay w ith  fatty acid.
8.0
4.0
0
0.0 0.2 0 . 4 0.6 0.8 1.0
Fatty acid (mM)
The calibration w as carried out by the addition of 2 jil aliquotes of 100 mM 
octanoic ac id  to  co n d u c tiv ity  cells co n ta in in g  2 ml of 10 mM  
trie thanolam ine/H C l buffer of pH  8.0 at 37 °C.
Chapter Three 
Results
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3.1.1.) The d ev e lo p m ent of basic/acid ic-urea polyacry lam ide  g el 
electrophoresis,
W ithin  the fields of protein and  nucleic acid chem istry the m ajority of 
separation m ethods fall into three broad categories, namely those based on 
size differences, those based on  the differences in the electrical charge 
carried by  the m olecules, and those based on some specific biological or 
chemical properties of the molecule under investigation. (Andrews, 1986).
Electrophoretic separations of proteins and peptides based on the single 
criterion of the size do not exploit the pow er of the technique to the full. 
M any sam ples th a t appear to be hom ogenous by size-based separation  
reveal heterogeneity  of charge based m obility and  this is the basis of the 
very h igh  pow er of 2-dim ensional electrophoresis. Experience has show n 
that electrophoresis based on native charge does not give high resolution 
unless a focusing m ethod is em ployed, for reasons that rem ain obscure, if 
the separation  is carried ou t in the presence of high concentration of urea 
and w here  electrolyte is either a w eak acid or a single w eak base. Urea 
PAGE is therefore is carried out under the acidic (pH 3.5), or the basic (pH 
10.6) conditions.
The basic u rea  PAGE has no t found a niche for pro tein  separations 
a lthough  it is extensively  used  for nucleotide analysis. In  p art this is 
because the reso lu tion  given by existing m ethods does not approach that 
of SDS-PAGE or even acid urea PAGE and in p art because there is no 
clearly perceived field of application.
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A lthough  PLA2 enzym es from  different venom s may vary in size, the 
isoform s in  a given venom  do not norm ally differ greatly in length  and 
therefore they are not well resolved by SDS-PAGE (Evans, et al., 1980; Van 
Den Bergh et al., 1989). M any isoforms differ by variation in  hydrophobic 
am ino acids, b u t the m ajority vary  in the content of charge residues and 
can therefore be separated by ion-exchange chrom atography and identified 
by isoelectric focusing or by urea-based gel electrophoresis. Urea gels have 
a very  considerable cost advantage over isoelectric focusing m ethods and 
are well su ited  for running  large slab gels which are ideal for com parative 
studies.
The s tu d y  of venom  peptides had  been carried out in this laboratory 
using acid u rea PAGE w ith  6M urea and w ith propionic acid substituted 
for the  m o re  conven tional acetic acid to im prove gel se tting  and  
resolution. A lthough  this proved to be a pow erful m ethod for analysing 
the venom  com ponents, w hen applied  to one of the venom  of in terest 
here, Naja mossambica mossambica, it could not resolve tw o of the major 
isoforms. Inspection of the know n sequences indicated tha t all isoform s 
should be separable on  gels ru n  at high pH. The ac id /u rea  PAGE recipe 
was therefo re  a d ap ted  for the basic conditions using  the m in im um  
possible m odifications. Initially the urea concentration was m aintained at 
6M and the setting reagents APS and TEMED used as in the acidic system. 
Early resu lts  confirm ed that the basic urea PAGE could achieve h igh  
resolution of PLA2 isoforms and experim ents were carried ou t to im prove
the perform ance.
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3.1.1.1.) The role of urea.
In  contrast to SDS, the role of urea is completely obscure. There are no 
convincing explanations of the reason w hy it increases band sharpness in 
a dram atic fashion. Earlier w orkers have used varied concentrations, b u t 
in general h igher concentrations give better resolution. H ow ever in the 
acidic urea PAGE there has been a tendency to use concentrations higher 
than 6M, Investigation of the use of 8M urea for both acidic and basic gels 
show ed that this gave a substantial im provem ent in both cases.
3.1.1.2.) The role of the electrolyte.
The acidic or basic urea gels use a single w eak acid or w eak base 
electrolyte so th a t there is no counterion other than H + for acidic gels and 
OH‘ for basic gels. A ttem pts to devise more complex buffer systems tend to 
decrease the quality  of resolution. Thus the simple electrolytes are lim ited 
to w eak acids and  w eak bases.
Thus the choice of acid or base determ ines the running pH  w hich can 
be slightly  m odified  by  varying the electrolyte concentration. Experience 
has show n  th a t a concentration of ca 2% is optim al. The runn ing  pH  
affects the m olecular basis of separation  because it determ ines the net 
charge of the protein. Table 3.1.1.2. shows the typical pKa values of protein 
side-chain residues and  indicates that for acidic gels running below pH  4 K, 
H an d  R an d  the N -term inal group alone will be ionised w hilst for basic 
gels ru n n in g  at pH  a10.6 D+E+Y-R and the C-term inal g roup  w ill be 
ionised. A t in term ediate pH s the ionisation state will be less readily
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d efin ed  an d  th ere  are therefore advan tages in  using  pH  extrem es. 
H ow ever the m ost im portan t factor w as the quality of resolution and this 
w as de term ined  by  investigation. Subjectively the results for basic gels 
in d ica te d  th a t  e th an o lam in e  gave sign ifican tly  be tte r resu lts  th an  
am m onia  w h ich  w as significantly  b e tte r than  trie thano lam ine , and  
therefore ethanolam ine w as used in all subsequent work. Investigation of 
the effect of concentration indicated that 2% was significantly better than  
low er concentrations.
Table 3.I.I.2.
pK values of ionisable groups in proteins
G roup Typical pK
Aspartic acid 4.4
Glutam ic acid 4.4
H istid ine 6.5
Cysteine 8.5
Tyrosine 10.0
Lysine 10.0
A rginine 12.0
11.1.3.) Setting conditions.
Investigation  show ed that the basic gels could be set by APS in the 
absence of TEMED, how ever optim um  results appear to be obtained w ith  
the use of TEMED. It w as clear tha t the use of higher concentrations 
degraded resolution. For the acidic gels setting times decreased rapidly
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w ith  TEMED concentration bu t optim al results w ere obtained under the 
conditions described by Chettibi et at., (1989)
3.1.1.4.) Gel concentration.
Once the basic gel system  had been established it was found possible to 
vary the concentration of acrylam ide/bis acrylam ide over a range from 10- 
22.5% w ith  no  other modifications.
3.1.1.5.) Stacking gels.
Because the basic or the acidic urea PAGE contain a single electrolyte 
and  also  b ecau se  s ig n ifican t v a ria tio n  in  p H  m igh t cause som e 
com ponents to  change their m igration  direction, there w as no sim ple 
stacking buffer program m e possible. For this reason m ost such gels had 
been ru n  as single gel systems. How ever it was clear that casting a single 
slab gel lead to  very inhom genous zones near the top surface. This could 
not be avo ided  as long as the w ell-form ing combs were in place during  
setting. Thus it seem ed desirable to cast the gel in  two stages using an 
overlay for the m ain running  stage. This presented the opportunity  to test 
the use of a low  concentration gel to act as a stacking gel w here stacking 
was s im p ly  p ro d u ced  w hen  the p ro te ins encountered  a gel density  
d iscon tinu ity . Thus the  m ain  ru n n in g  gel w as cast w ith  an e thanol 
overlay and this produced  a very sharp upper boundary. On to top of this 
the w e ll-fo rm in g  stack ing  gel w as cast using  the sam e e lectro ly te  
concentration b u t w ith  a gel concentration of 7%.
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The earlier gels using s single slab w ith 6M urea produced rather varied 
quality  resu lts, w hich could be of high quality b u t the results of these 
m odifications w as to produce gels that ran  consistently well. In particular 
the use if the  stacking system  rem oved the tendency for bands to show 
trailing edges especially at high loading.
3.1.2,) P u r if ic a tio n  of p h o sp h o lip a se  A? from the  venom  of N a ja  
m ossam bica m ossam bica.
This w ork  started  w ith  an attem pt to purify the isoforms of PLA2 from  
the venom  of Naja mossambica mossambica in bulk. At this poin t it was 
believed  th a t the venom  contained three m ajor isoforms of the enzym e 
and tha t tw o of these could be resolved on the ac id /u rea  PAGE.
The purification  procedure w as carried out as show n below. Active 
fractions w ere  then  subject to analysis by  acidic, basic u rea and SDS 
polyacry lam ide gel electrophoresis. The results show  very clearly the 
superior reso lu tion  of the basic over the acidic urea m ethod and of either 
over SDS-PAGE.
W hole Naja mossambica mossambica lyophilised venom  (500 mg) was 
dissolved in  d istilled  w ate r at 250 m g per ml in the presence of the 
protease inh ib ito r phenyl m ethyl sulphonyl fluoride (PMSF) and  venom  
was frac tio n a ted  on  Bio-gel P-30 co lum n (3.5 x 40 cm) in  20 mM  
am m onium  acetate (fig.3.1.2.I.). Phospholipase A2 activity w as highest in 
peak B2, b u t about 10 % of the activity w as present in peak B3. The acidic 
acid urea gel electrophoresis (fig. 3.1.2.II.) show ed that peak B2 was largely
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Figure. 3.I.2.I. Gel filtration column chrom atography of Naja mossambica 
mossambica venom .
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The lyophilised w hole venom  (500 mg) was dissolved in 2 ml of distilled 
water in  the presence of protease inhibitor, phenyl m ethyl sulphonyl 
fluoride (PMSF) and  2 ml venom  solution was then applied to a colum n of 
Bio-Gel P-30 (3.5 X 40 cm) pre-equilibrated w ith  20 mM  am m onium  
acetate at pH  6.35. The colum n was eluted w ith  the equilibration buffer 
(same buffer) at 40 m l/h r . and the absorption w as m onitored at 206 nm. 
Five m l sam ples w ere collected, analysed  by the a c id /u re a  gel 
eiectrophoresis and  pooled as samples B1-B5 corresponding to tubes 16- 
19/ 20-32, 33-55, 56-69 and 70-80 respectively and lyophilised to rem ove 
arumonium acetate.
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Figure. 3.1.2.II. a, b & c. Analysis of different fractions from  gel filtration 
Bio-Gel P-30 column of Naja mossambica mossambica on unm odified  20 % 
acidic/urea gel electrophoresis. Gid* a , k C Shoto Selective fachtos
t y / A y t  l(JV\ C k  p k y  •
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free (< 5 %) of species that had  higher m obility than that of PLA2 and 
w hich w ere know n by gel filtration results to be lower m olecular w eight 
pep tides. These pep tides w ere the p redom inan ts of peak  B3, w hich  
contained the bulk  of the haemolytic activity of the venom. This peak also 
contained a PLA2 species that tended to spread very w idely and w hich 
m igrated a t the same rate as the CM-III isoform. The active fractions w ere 
p o o led  a n d  f re e z e -d r ie d  to  rem o v e  am m o n iu m  ac e ta te  a n d  
chrom atgraphed on DE-52 cellulose.
3.I.2.I.) DE-52 ion exchange chromatography.
The freeze-dried protein  from peak B2 was dissolved in distilled w ater 
and the p H  adjusted to 9.8 w ith  am m onia solution. It was then  applied to 
a colum n ( 2 x 7  cm) of DE-52, equilibrated in 20 mM am m onium  acetate at 
pH 9.8. W hen the initial run-through peak had been collected the absorbed 
protein w as elu ted  w ith  gradient of 20 mM am m onium  acetate of pH  5.2 
(fig.3.1.2.1a). Gel electrophoresis and  activity assay show ed th a t non ­
abso rbed  ac tiv ity  (D EI) co rresp o n d ed  to the toxic basic iso fo rm  
contam inated w ith  h igh m olecular w eight proteins. The grad ien t elu ted  
three d ifferen t active form s, the first being the basic non-toxic (DE2), 
followed by  m inor com ponent (DE3) that was electrophoretically distinct, 
and then  by  a m ajor peak of activity (DE4) corresponding to the acidic 
isoform. DE3 w as rechrom atographed on a smaller DE-52 colum n ( 2 x 3  
cm) b u t u sing  20 mM  am m onium  acetate at pH  9.4 as the equilibration 
buffer an d  eluted w ith  gradient of 20 mM am m onium  acetate, pH  5.0. Two 
peaks w ere obtained and  both  exhibited phospholipase A2 activity
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Figure. 3.I.2.I. Ion exchange chrom atography on DEAE cellulose
a) The lyophilised sample B2 (figure 3.I.4.3.) w as d isso lved  in 1 ml of 
distilled water and the pH  was adjusted to 9.8 w ith  am m onia solution and 
applied to a column of DE-52 cellulose ( 2 X7  cm) equilibrated w ith  20 mM 
ammonium acetate at pH  9.8. The colum n w as elu ted  at 20 ml p e r hour, 
initially w ith  60 ml of the equilibration buffer, fo llow ed  by 20 mM 
am m onium  acetate, pH  5.2, the pH  of the e lu an t m easu red  an d  the 
absorption monitored at 206 nm. one ml fractions w ere collected, analysed 
by the acid /urea gel electrophoresis, pooled as fractions D EI, DE2, DE3 
and DE4 representing the tube num bers 17-41, 54-74, 75-94 and  103-114 
and corresponding to an elu tion pH  of 9.8, 8.8-8.0, 8.0-7.5 an d  <7.0 
respectively. The pooled samples were lyophilised to  rem ove am m onium  
acetate.
b) The lyophilised sample DE3 was dissolved in 1 ml of d istilled  water 
and pH  w as ad justed  to 9.4 w ith  am m onia  so lu tio n  an d  was 
rechromatographed on a DE-52 cellulose colum n ( 2 X 3  cm) as above, but 
using a starting pH  of 9.4. Elution was w ith 30 ml of equilibration  buffer 
followed by a 20 mM am m onium  acetate at pH  5.0 as described above and 
1 ml samples w ere collected. Samples w ere pooled  as DE3a an d  DE3b 
representing tubes 24-40 and 41-58 and corresponding to a pH  range of 
8.8-8.0 and <8.0 respectively.
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(fig. 3.1.2.1b.). The peak  DE3b is a new  PLA2 in Naja mossambica 
m ossam bica  venom . The p h o sp h o lip ase  A2 activity p resen t in  the 
p o ly p ep tid es  frac tion , peak  B3, w as show n by the basic u rea  gel 
electrophoresis to be due to the presence of the toxic isoform  CM-III, 
suggesting some form  of specific interaction betw een these components.
3.I.2.2.) A nalysis of venom  com ponents.
The th ree  types of gel analysis weyc used to characterise the w hole 
venom  fro m  Naja mossambica mossambica and  to d e te rm in ed  the 
running positions of the commercially purified enzymes. The SDS gel (fig.
3.1.2.2.1.) show s a re la tive ly  sim ple p ictu re , w ith  one m ajor band  
corresponding  to the various PLA2 isoforms and at a running  position  
consistent w ith  a m olecular w eight of 14,000 and a single band  presum ed 
to correspond to the major lytic peptide components. The ac id /u rea  PAGE 
(U nm odified, Fig.3.1.2.2.IIb.) resolved the toxic basic isoform  from  the 
rem aining PLA2 com ponents. In contrast the basic urea gel (unm odified, 
fig.3.1.2.2.IIa) show ed  four dom inan t bands corresponding  to PLA2 
com ponents. By com parison w ith  the commercial samples, CM-I ran  as a 
single b and , CM-II show ed a close doublet and CM-III gave a major band 
and several m inor bands. These results confirm ed that all PLA2 isoform s 
were sim ilar bo th  in m olecular w eight and in the net content of basic 
amino acids, b u t varied considerably in their content of acidic amino acids. 
H ow ever, in  con trast to the published  inform ation , they revealed the 
presence of fourth  m ajor pro tein  w hich is also present in the commercial 
sample of the basic non-toxic isoform CM-II. The m ain aim of this w ork
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Figure. 3.I.2.2.I. Analysis of phospholipase A2 enzym es from  Naja 
mossambica mossambica venom on 12 % SDS-PAGE
The SDS gel electrophoresis prepared  as described in  m ateria ls  and
m ethods. Lane 1: whole venom. Lane 2: toxic PLA2 (BG-1 & BG-2) from
Sigma Chemical Co. Ltd. Lane 3: toxic PLA2 (BG-1 & BG-2) purified  from
whole venom. Lane 4: basic non-toxic PLA2 (BG-3 & BG-4) from  Sigma
Chemical Co. Ltd. Lane 5: basic non-toxic PLA2 (BG-3 & BG-4) purified
from w hole venom. Lane 6: new ly purified  PLA2 (BG-5) from  whole
venom. Lane 7: acidic PLA2 (BG-6) from Sigma Chemical Co. Ltd. Lane 8:
acidic PLA2 (BG-6) purified from whole venom. T en  /a. 3 *>«.* CoacLuL
I* e<JLcln Case.
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Figure. 3.1.2.2.II. A nalysis of phospholipase A2 enzym es from  
mossambica mossambica venom  on a) B asic/urea and  b) acidic u rea  gel
electrophoresis.
The unm odified basic urea and unm odified acidic urea gel electrophoresis 
were prepared as described in materials and m ethods.
Samples of commercially purified PLA2 isoforms from  Naja mossambica 
mossambica and isoforms purified according to the p rocedures described 
were subject to electrophoresis on the basic and the acidic u rea  gel 
electrophoresis. Lane 1: whole venom. Lane 2: toxic PLA2 (BG-1 & BG-2) 
from Sigma Chemical Co. Ltd. Lane 3: toxic PLA2 (BG-1 & BG-2) purified 
from whole venom. Lane 4: basic non-toxic PLA2 (BG-3 & BG-4) from 
Sigma Chemical Co. Ltd. Lane 5: basic non-toxic PLA2 (BG-3 & BG-4) 
purified from  whole venom. Lane 6: newly purified PLA2 (BG-5) from 
whole venom. Lane 7: acidic PLA2 (BG-6) from Sigma Chem ical Co. Ltd. 
Lane 8: acidic PLA2 (BG-6) purified from w hole venom  Lane 9: PLA2 
purified from Naja naja atra whole venom. 10 ^ wv|>u  u>o s  (ooe/t JL i n
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was to purify  the m ore acidic isoform for activation studies and because 
the m ajor acidic isoform is not absorbed by CM cellulose at neutral pH  we 
investigated the possibility of obtaining higher purification by absorption 
and e lu tion  from  DE resins. Prelim inary investigation show ed tha t all 
isoforms except CM-III were absorbed by DE cellulose at pH< 9.5.
3.1.2.3.) Stability of PLA? enzymes to high pH.
Purification of the m ore acidic isoform (BG-6) could be accom plished 
on DE cellulose w ith in  the pH  range w here the enzymes w ere know n to 
be stable. In the case of the CM-III isoform, however, absorption to DE 
resins req u ired  a pH>10. The stability  of this enzym e w as therefore 
exam ined by  sequentia l assay of sam ples incubated at h igh  pH  and at 
either room  tem perature or 37 °C. The results showed that no activity was 
lost for incubations carried ou t below pH  11.5 at tem perature <37 °C , w ith 
only 40 % lost w hen the enzym e w as incubated at pH  12 for 24 hours at 
room  tem perature (fig. 3.1.2.3.). This result indicated that activity m ight be 
recoverable from  the basic /u rea  gels despite the fact that these gels run  at 
an elevated tem perature, i.e. 35-45 °C.
3.1.3.) Recovery of phospholipase A? activity from the basic/urea and 
acid/urea polyacrylamide gel electrophoresis.
D uring  the application of polyacrylam ide gel electrophoresis it is often 
necessary to recover the separated proteins. This can be achieved by means 
of p re p a ra tiv e  e lec trophoresis  u sing  continuous elu tion  or after the 
localisation of the pro tein  band by means of hom ogenisation of the gel
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slice and  subsequent elution, by  chemical depolym erisation of the gel, or 
by electrophoretic m ethods (Hiroshi and Snell, 1972; Bray and  Brownee, 
1973; Bernebeu, et al 1980). Electrophoretic elution from gel slices requires 
a m eans for supporting  the gel slices in an  electric field and  m eans for 
collecting the eluted material.
A ttem pts to  recover phospholipase A2 activity from the basic and  the 
acidic urea gels w ere successful and  PLA2 activity from both  types of gel 
e lectrophoresis w as recovered w ith  high yield. A sim ple m ethod  w as 
developed for recovery of phospholipase A2 activity from the basic and 
the acidic u rea gel electrophoresis. A nalysis of activity recovered from  
basic and  acidic gels w as carried  ou t for purified  phospho lipase  A 2 
isoforms from  a variety  of sources. The gels were pre-run for 3 to 4 hours 
to rem oved the oxidising agents. Both upper and lower tank buffers were 
refilled w ith  fresh buffer. The purified paired proteins sample were subject 
to the basic and  the acidic urea gel electrophoresis on parallel tracks using 
guide and  test track for each sample. The guide track was stained w ith  
Coomassie b lue and aligned w ith  test track and slices of 1-1.5 m m  w ere cut 
from region corresponding to bands on the guide track. The slices w ere pu t 
into ependorf tubes containing 100 pi of 10 mM triethanolam ine buffer of 
pH 8.0. The enzym es w ere eluted sim ply by macerating the slices and after 
centrifugation the sam ples filtered as described in m aterials and  m ethods. 
The resu lts  Table 3.1.3. show s that all enzym es could be recovered from  
both the basic and acidic urea gels w ith  high yields.
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Table 3.1.3. Recovery of phospholipase A 2 activity after electrophoresis 
on the basic or the acidic urea gels.
Activity recovered (%) 
Enzym es and source Basic-urea gels Acidic-urea gels
Non-toxic PLA 2 from  95±4 91 ± 4
N a ja  m o ss a m b ic a  
m o ss a m b ic a  venom
Toxic PLA 2 from  94 ± 4  89 ± 5
N a ja  m o ss a m b ic a  
m o ss a m b ic a  venom
Newly purified PLA 2 
from N a ja  m o ss a m b ic a  
m o ss a m b ic a  venom
Acidic PL A 2 from  N a ja  
m o ss a m b ic a  m o ss a m b ic a  
venom
PLA2 from  N a ja  n a ja  89±4 86 ± 3
a tra  venom
PLA2 from  Honey bee 85±3 82 ± 2
venom
Paired purified  protein samples were electrophoresed on the basic and 
the acidic urea gels in the presence of 8 M urea in a guide and test 
lane. Protein bands w ere detected in the guide lane by coomassie blue 
staining and the corresponding region of the test lanes cut into 1.5 m m  
slices w hich were m acerated with 100 pi of 10 mM  triethanolamine 
buffer, pH  8.0. Five pi samples were assayed for PLA2 activity as 
described in materials and methods. Each value is a mean of three 
determinations with ± S. D.
81±6
89±3
76 ± 5
86 ± 2
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3.I.3.I.) Recovery of phospholipase A? activity from w hole venom s of 
four m ajor ven om ou s fam ilies  of snake from basic/u rea  g el 
electrophoresis.
The system atic classification of snakes still presents m any problem s, 
b u t m ost au thorities (according to H arvey, 1991) w ould  now  recognise 
betw een  11 and  13 d istinct families. Venom ous snakes are identified  in 
only five fam ilies: Elapidae, H ydrophiidae , V iperidae, Crotalidae  and  
Colubridae. Fam ily Elapidae is a large fam ily th a t includes the kraits, 
cobras, m am bas and  coral snakes. Family Hydrophiidae, w hich com prises 
sea snakes, is considered by  some to be a subfam ily of Elapidae. Fam ily 
Viperidae  (tru e  v ipers) is the m ost w idesp read  fam ily of venom ous 
snakes. It is rep re sen ted  th ro u g h o u t Europe, Africa, A sia and  the 
A m ericas. Fam ily Crotalidae is considered by some a subfam ily of the 
Viperidae. Fam ily C olubridae is the largest of all families. It is dom inant 
family of snakes in all parts of the world. M ost snakes in this family are 
harm less, b u t some are venom ous. (Harvey, 1991)
W e have tried  to recover phospholipase A2 activity from each of the 
different fam ilies. The w hole venom s from  the major four families w ere 
run on  the basic urea gels in tw o lanes, guide and experim ental lane, the 
gu ide lan e  w as s ta in e d  w ith  C oom assie  b lue  and  a lig n ed  w ith  
experim ental lane and  slices of 1-1.5 m m  w ere cut and enzym es w ere 
extracted and  phospholipase A2 assay w ere perform ed to identify enzymes. 
Figure 3 .I.3 .I. a, b , c, and  d shows tha t the enzym atic activity could be 
recovered from  four m ajor snake families on basic urea gels. The peaks in 
the figures indicate the presence of PLA2- The multiple and broad  peaks
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F igure 3 .I.3 .I. Recovery of activity and identification of PLA2 isoforms by 
the basic urea gel electrophoresis.
Paired  w hole venom  sam ples w ere electrophoresed on  the basic urea gel 
in  a guide and  test lane. Protein bands w ere detected in the guide lane by 
Coom assie blue staining and the corresponding region of the test lanes cut 
in to  1-1.5 m m  slices w hich  w ere m acerated  w ith  75 pi of 100 mM 
trie thanolam ine buffer, pH  8.0. Five pi sam ples w ere assayed for PLA2 
activity using 0.6 mM  dioctanoylphosphatidylcholine in the presence of 1 
m M  CaCl2*
(a) Naja mossambica mossambica w hole venom  (fam ily Elapidae) (b) 
Agkistrodon piscivorus piscivorus w hole venom  (family Crotalidae).: Next 
page, (c) Russell's viper w hole venom  (fam ily Viperidae), (d) Enhydrina 
schist os a w hole venom  (family Hydrophiidae).
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indicate the m ultiple isoforms. This technique can be used to identify new 
isoform s of phospholipase A2 (Ahm ad and Lawrence, 1993) in  different 
venom s of different families of snake.
3.1,4,) Identification of two more isoforms of PLA7 by the basic urea gel 
electrophoresis in the venom  of Naja  m ossam bica  m ossam bica  by gel 
slicing.
P relim inary  attem pts to recover the phospholipase A2 activity from  
basic u rea gel electrophoresis proved  successful, w ith  activity recovery 
estim ated  to  be > 90 %. In each of the gel tracks tested a m ajor band  
containing h igh  PLA2 activity could be identified.
The basic toxic isoform , either purified  here or as purchased  from  
Sigma Chem ical Co., show ed an easily resolved doublet w ith  a clear peak 
of activ ity  for each of the major bands, (fig. 3.1.4.). Partial reso lu tion  of 
these com ponents had previously been obtained in an acid urea gel. M ore 
surprisingly , the basic non-toxic isoform  (CM-II), w hich appeared  to be 
hom ogenous p ro te in  on acid urea gels (Chettibi et a l, 1990) w as seen to be 
a close doublet on  basic urea gels, w ith  tw o com ponents being present in 
nearly equal quantities. This was also true for the DE purified protein  and 
for the com m ercial sam ple (CM purified enzyme). Excision of bands gave a 
very b ro ad  activity  peak corresponding to the whole of the stained zone 
and indicating th a t both  of the m ajor bands were phospholipase A2 species 
(fig..3.1.4b). This contrasted  w ith  the very sharp activity peak  obtained 
when this procedure w as applied to Naja naja atra PLA2 (fig. 3.1.4a.)
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Figure. 3.1.4. Identification of new  isoforms of PLA2 by the basic urea gel 
electrophoresis.
Paired pro tein  sam ples were electrophoresed on a basic urea gel in a guide 
and  test lane. Protein bands w ere detected in  the guide lane by Coomassie 
b lue staining and the corresponding region of the test lanes cut into 1-1.5 
m m  slices w hich w ere m acerated w ith  75 pi of 100 mM  triethanolam ine 
buffer, p H  8.0. Five pi sam ples w ere assayed for PLA2 activity using 0.6 
m M  dioctanoylphosphatidylcholine in the presence of 1 mM  CaCl2-
(a) PLA2 from  Naja naja atra venom , (b) N on-toxic PLA2 from  Naja 
mossambica mossambica venom , (c) Toxic PLA2 from  Naja mossambica 
mossambica venom .
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3.1 .4 .U  F u rth e r iden tifica tion  of PLA? isoform s in the venom  of N a ja  
m ossambica mossambica  venom  by rhodam ine 6G gel electrophoresis.
In  o rd e r  to  fu rth e r  confirm  re su lts , the rh o d am in e  6G gel 
electrophoresis w as developed. The original m ethod was developed by 
Shier an d  Trotter (1978). We tried  same m ethod on our basic u rea gel 
electrophoresis and it proved successful.
Assays of enzym es in gels usually  em ploy substrates tha t diffuse into 
the gel m atrix , w here they are converted into products tha t are readily  
detectable, such as coloured or fluorescent products, or com pounds that 
can be trap p ed  as coloured , preferably insoluble materials (Gabriel, 1971). 
H ow ever, m any  im portan t classes of enzym es, such as transferases and  
catabolic enzym es, have high m olecular w eight substrates that w ill no t 
diffuse in to gel. In som e studies (Stegeman, 1968) high m olecular w eight 
com pounds have been copolym erized in to gel matrix.
Because the best-characterised  phospholipase A2 enzym es requ ire  
calcium ions for catalysis (van den  Bosch, 1974), it is possible to p reven t 
the hydrolysis of lecithin during  m igration of these enzym es th rough  the 
lecithin containing gel m atrix by including a chelating agent (EDTA) in the 
electrode buffer. After electrophoresis has been com pleted, the enzym es 
can be reactivated  by allow ing calcium ions to diffuse into the gel. The 
rhodam ine 6G dye stains unhydrolysed  lecithin in the gels a faint pink 
with yellow  fluorescence and stains unsaturated  fatty acids a dark, non- 
fluorescent red  b u t does not stain polyacrylamide.
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The d iffe ren t fractions of p hospho lipase  A 2 isoform s from  Naja  
mossambica mossambica w ere ran  on the basic u rea gel contain ing  
p u rified  egg  lecithin, all six isoform s of p hospho lipase  A2 in  Naj a  
mossambica mossambica w ere confirm ed by incubating gels in rhodam ine 
6G con ta in ing  20 mM  CaCl2 at 37 °C  as described in m ateria ls and  
m ethods. In  ad d itio n  to six isoform s iden tified  earlier (A hm ad and  
Lawrence, 1993) further tw o more isoforms were identified (fig.3.1.4.1.).
3.1.5.) analysis of w hole venom s.
The acidic and  the basic urea PAGE w as used together w ith  the SDS- 
PAGE to  reso lve and  iden tify  venom  com ponents from  14 d ifferen t 
venom s includ ing  bee venom  and from all major snake venom  fam ilies 
(four) includ ing  tw o Crotalus species, sea snake, Russell's viper and  five 
elapid species inc lud ing  four closely related  cobras, Naja mossambica 
m ossambica, Naja nigricollis nigricollis, Naja nigricollis crawshazvii a n d  
Naja nigricollis pallida.
The firs t observations w ere th a t for these low m olecular w eig h t 
com ponents bands obtained w ith  SDS-PAGE w ere not as sharp  as those 
seen for h igh  MW proteins. Overall in term s of band sharpness bo th  of 
the urea m ethods gave better perform ances than SDS-PAGE, The specific 
feature of acidic PAGE w as tha t it resolved the highly basic p ep tid e  
com ponents of venom s. In contrast these com ponents ten d ed  to show  
cathodic m igration  even at the high pH  of basic gels and w ere therefore 
lost. Thus the basic gels w ere only suitable for exam ination of the higher 
MW venom  com ponents.
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Figure. 3.I.4.I. Identification of phospholipase A2 isoforms in  the venom
of Naja mossambica mossambica. The basic urea gels w ere p repared  as
described in  m aterials and m ethods bu t incorporating 5 m g /m l of purified
egg phosphatidy lcholine in  the runn ing  gel w ith  1 mM  EDTA in  the
stacking gel and  the tank electrolyte. Samples of purified  enzym es were
p rep a red  by  m ixing 1:1 w ith  brom ophenol blue, b u t contain ing ImM
EDTA. After electrophoresis the gel was rinsed twice w ith  distilled water
an d  im m ersed  in  a so lu tion  con tain ing  20 mM  CaC l2 an d  0.012  %
rh o d am in e  6G buffered  w ith  0.1 M trie th an o lam in e /C l', p H  8.0 and
incubated at 37 °C for 5-10 m inutes. The reaction w as s topped  by washing
w ith  a so lu tion  containing 20 mM  EDTA. The gels w ere photographed
against black background and  reflected w hite light. Lan*. a.* basic 4o*ic 
I S L a n e  L: bo^ic iSo far* , Lant C: a c id ic  n
i s o L a n e  d :  o.cicL\t iSoJoyw>.
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A c o m p a r iso n  o f v e n o m  c o m p o n en ts  p a r t ic u la r ly  v en o m  
phospholipase A 2 isoforms was m ade on three types of gel electrophoresis, 
i. e. SDS, the acidic urea and the basic urea polyacrylamide gels.
SDS-PAGE of p u rified  PLA2 enzym es confirm ed th a t this m ethod  
w ould  no t resolve isoform s of sim ilar MW and as m ost of the know n 
isoform s w ith in  g iven  venom s do no t differ greatly  in  MW little  
resolution w as expected. In contrast the basic and acidic PAGE m ethods, 
w hich have rather sim ilar overall resolving pow er w ere able to separate 
isoforms and  results w ere largely in accord w ith the sequence predictions.
This acidic urea gel is ideal for resolving polypeptides (figure 3.I.5.I.), 
but as reg a rd s  p h o spho lipase  A2 enzym es, is not good in  resolving 
isoforms. It resolved the basic toxic isoforms from  PLA2 com ponents in 
the venom  of Naja mossambica mossambica. It can also reso lved  bee 
venom  g lycosylated  an d  non-glycosylated com ponents. The SDS gels 
show ed one m ajor b an d  corresponding  to various phospho lipase  A 2 
isoforms ru n n in g  position  consistent w ith  a m olecular w eigh t of 14,000 
and a single b an d  p resu m ed  to  correspond  to the m ajor po lypep tide  
components of the venom s (figure 3.1.5.II.). In contrast, the basic urea gel 
electrophoresis is ideal for resolving PLA2 isoforms. The m obility of a 
basic urea gel is determ ined  by the ratio  of net negative charge (i.e. N- 
ter+A sp+G lu+T yr-A rg) to to ta l m ass. M any m ajor p o ly p ep tid es  are 
virtually devo id  of carboxylate side chains and rem ain cationic even at 
high pH . The gels therefore tend  to d isp lay  only the h igh  m olecular 
weight p ro te ins of the venom s. Snake venom s contain m ultip le form s of 
Phospholipase A2 .
7 5
Results Fart I
Figure. 3.I.5.I. Analysis of whole venoms on 20 % m odified acid ic/u rea 
gel electrophoresis having 7 % spacer gel and 8 M urea. 20 gg of each 
venom was loaded.
a) Lane 1: Naja mossambica mossambica, Lane 2: Naja melanoleuca, Lane 3: 
Naja naja atra, Lane 4: Naja nivea, Lane 5: Naja naja, Lane 6 : Crotalus 
adamanteus, Lane 7: Crotalus atrox, Lane 8 : Agkistrodon piscivorus piscivorus, 
Lane 9: Bee venom
b) Lane 10: Enhydrina schistosa (sea snake), Lane 11: Bungarus fasciatus, 
Lane 12: Naja hannah, Lane 13: Naja nigricollis nigricollis, Lane 14: Naja 
nigricollis crawshawii, Lane 15: Naja nigricollis pallida, Lane 16: Naja haje, 
Lane 17: Russell's viper
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Figure. 3.1.5.II. A nalysis  of w h o le  ven o m s on  12 % SDS gel 
electrophoresis.
The SDS-PAGE 12 % w as prepared  as described in m aterials and m ethods 
and  20 pg of each venom  w as loaded.
a) Lane 1: Naja mossambica mossambica, Lane 2: Naja melanoleuca, Lane 3: 
Naja naja atra, Lane 4: Naja nivea, Lane 5: Naja naja, Lane 6 : Crotalus 
adamanteus, Lane 7: Crotalus atrox, Lane 8 : Agkistrodon piscivorus piscivorus, 
Lane 9: Bee venom
b) Lane 10: Enhydrina schistosa (sea snake), Lane 11: Bungarus fasciatus, 
Lane 12: Naja hannah, Lane 13: Naja nigricollis nigricollis, Lane 14: Naja 
nigricollis crawshaivii, Lane 15: Naja nigricollis pallida, Lane 16: Naja haje, 
Lane 17: Russell's viper.
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Ind ian  cobra (Naja naja naja) venom has been reported to contain as 
many as 14 isoforms of PLA2 (Shiloach et al,  1973, Bhat and Gowda, 1989) 
and the venom  of Naja mossambica mossambica was reported to contain 3 
isoforms (Joubert, 1977); an acidic (CM-I), a basic non-toxic (CM-II) and 
basic toxic (CM-III). The presence of several isoenzyme forms of PLA2 in 
cobra venom  is not due to subspecies polymorphism but exists in a venom 
sample collected from a single snake. (Hazlett and Dennis, 1985). The basic 
urea gel e lec trophoresis  is ideal for m onitoring purification and 
identification of phospholipase A2 isoforms. Figure 3.1.5.III. shows that 
phospholipase A2 isoforms can be resolved into six bands in the venom of 
Naja mossambica mossambica. Enzymatic activity can be recovered with 
high yield from basic gel so that new isoforms of phospholipase A2 were 
identified by running  enzym es on basic urea gels and then cutting slices 
and extracting PLA2 and identified by doing normal conductimetric assay 
as described earlier. The venom  of Agkistrodon piscivorus piscivorus was 
fractionated on Bio-gel P-30 colum n and then ran on basic urea gel, it 
resolved in to a num ber of bands, including at least four major bands of 
phospholipase A 2 isoforms. A num ber of acidic proteins were identified. 
The basic urea gel has resolved dimeric phospholipase A2 in the venoms 
Crotalus atrox and Crotalus adamanteus nicely into two bands presum ed 
to be phospho lipase  A 2 isoforms. A num ber of bands in the venom of 
Viper russel were identified as phospholipase A2 isoforms.
In sum m ary , com parison of the gel results for the three m ethods 
showed the following.
1) All gave high resolution.
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Figure. 3.1.5.III. Analysis of whole venom s on 20 % m odified basic urea 
gel electrophoresis having 7 % spacer gel and 8 M urea. Tw enty pg of each 
venom was loaded in each lane.
a) Lane 1: Naja mossambica mossambica, Lane 2: Naja melanoleuca, Lane 3: 
Naja naja atra, Lane 4: Naja nivea, Lane 5: Naja naja, Lane 6 : Crotalus 
adamanteus, Lane 7: Crotalus atrox, Lane 8 : Agkistrodon piscivorus piscivorus, 
Lane 9: Bee venom
b) Lane 10: Enhydrina schistosa (sea snake), Lane 11: Bungarus fasciatus, 
Lane 12: Naja hannah, Lane 13: Naja nigricollis nigricollis, Lane 14: Naja 
nigricollis crawshazuii, Lane 15: Naja nigricollis pallida, Lane 16: Naja haje, 
Lane 17: Russell's viper.
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2) The ac id /u re a  PAGE resolves small peptide components w here present. 
For exam ple bee venom  shows a very clear band due to the major peptide 
m elittin (MW 2.6 kD).
3) SDS-PAGE tends to  em phasise sim ilarities betw een different venom s, 
but the a c id /u rea  PAGE and to a greater extent basic/urea PAGE give very 
m uch m ore distinct patterns for the different venoms.
4) A ctivity  sta in ing  carried out on the b asic /u rea  PAGE indicates th a t 
alm ost all of the higher m obility bands are PLA2 isoforms. This is m ost 
s trik ing ly  d em o n stra ted  w ith  the venom s from  the sub species Naja  
nigricollis w here alm ost all of the bands that have been resolved are in the 
m obility  reg ion  of PLA2 enzym es and activity stain ing confirm s this 
where carried out.
In  co n c lu sio n  the use of all th ree gel types give very  valuab le  
in form ation  ab o u t venom  purification , bu t m onitoring of isoform s is 
most successfully done w ith  the urea gels, especially basic /u rea  PAGE.
3.1.6.) Purification  of phospholipase A? from the venom  of Naja naja atra.
P h o sp h o lip a se  A 2 of Naja naja atra venom  has been iso lated  and  
purified by  Lo et al (1972) and  its chemical, enzymatic and pharm acological 
characterisations have also been reported (Lo and Chang, 1976; Chiang et 
al, 1973; Lee and  Ho, 1978; Yang et al, 1981). It is an acidic single chain 
polypeptide and  consists of 120 amino acid residues w ith seven disulphide 
bonds (Tsai et al, 1981).
In m ost cases, purification involves a num ber of steps (Braganca et al,
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1969; Salach et a l ,  1968; Jayanthi and G ow da, 1983) . We have purified  
p h o sp h o lip ase  A 2 from Naja naja atra in  a single step. The lyophilised 
venom  200 m g (Sigma Chem ical Co. Ltd.) was d issolved in  1 m l of 
distilled w ater in  the presence of the protease inhibitor PMSF and the pH  
was ad justed  to 9.4 w ith  am m onia solution The protein sam ple w as then  
applied to colum n ( 2 x 5  cm) of DE-52, equilibrated in 20 mM am m onium  
acetate a t pH  9.4, w hen the initial run-through peak had  been collected the 
absorbed p ro te in  w as elu ted  w ith  linear gradient of 20 mM am m onium  
acetate of pH  5.0 (fig. 3.I.6.I.). The gel electrophoresis and enzym atic assay 
show ed that non-absorbed peak corresponded to phospholipase A2 . The 
purity  of phospholipase A2 was checked on the b asic /u rea  (fig.3.1.6.II.a) 
and the a c id ic /u rea  (fig. 3.1.6.II.b) gel electrophoresis. The single highly 
purified phospholipase A2 was obtained in a single step. As at high pH  the 
polypeptides and  other proteins d id  not stick to the DE-52 column.
3.I.6.I.) Iden tifica tion  of new  phospholipase A? in the venom of Naja naja  
atra b y  rhodam ine 6G gel electrophoresis.
In an o th er p rep ara tio n  of phospholipase A2 from the w hole venom , 
we loaded  about 100 m g (200 m g/m l) of Naja naja atra venom  to Bio-gel P- 
30 (3.5 x 30 cm) colum n using a 20 mM am m onium  acetate buffer. The 
different fractions from the Bio-gel P-30 colum n w ere run  on a basic urea 
gel in  the  p resence of egg lecithin. The proteins sam ple w ere ran  and  
incubated w ith  rhodam ine 6G dye as described previously and surprisingly 
three new  m inor isoform s were identified in  the Naja naja atra venom , 
which w as know n to contain a single isoform of PLA2 for a long time, bu t
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Figure. 3.I.6.I. Ion exchange colum n chrom atography on DEAE cellulose of 
Naja naja atra venom .
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The lyophilised 200 m g Naja naja atra venom  was dissolved in 1ml of distilled 
water in the presence of protease inhibitor, phenyl methyl sulphonyl fluoride 
(PMSF) an d  p H  of venom  solution w as adjusted to 9.4 w ith  am m onia 
solution. The venom  sam ple w as then applied to column ( 2X5  cm) of DE-52, 
equilibrated w ith  20 mM  am m onium  acetate at pH  9.4. The colum n was 
eluted at 25 m l p er hour, initially w ith 40 ml of the equilibration buffer and 
the absorbed pro te in  w as eluted w ith linear gradient of 20 mM am m onium  
acetate at p H  5.0. The absorption was m onitored at 280 nm and one ml 
fractions w ere collected.
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Figure 3.1.6.II. a) Different purified PLA2 fractions and w hole Naja naja
atra whole venom  on unm odified 20% basic urea gel electrophoresis.
b) Different purified PLA2 fractions and Naja naja atra w hole venom  on
unmodified 20% acidic urea gel electrophoresis. Lanes 3
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a m in o r iso fo rm  has b een  d escribed  (C hang, et a l ,  1975) and  a 
corresponding  activity band  was clearly visible on basic urea-PAGE (fig.
3.1.6.1.)
3.1.7,) P urification  of bee venom  phospholipase A?.
The lyophilised  w hole bee venom  500 m g was dissolved in  2 ml of 
d istilled  w ater in the presence of protease inhibitor PMSF. The w hole 
sam ple w as loaded on Bio-gel P-30 colum n (3.5 x 40 cm) equilibrated w ith  
20 m M  am m onium  acetate of pH  6.5. The same buffer w as used  as the 
eluting buffer. Five different peaks w ere obtained. Enzymatic assay and gel 
e lec tro p h o resis  show ed  th a t peak tw o contained  phospho lipase  A 2 
fractions, w hich  w ere freeze dried and pu t again on Bio-gel P-30 colum n, 
this tim e on  FPLC, the proteins resolved into seven different peaks, Peak 2 
w hich w as of phospholipase A2 , w as freeze dried and this tim e pu t on 
CM-52 colum n, equilibrated w ith  20 mM am m onium  acetate of pH  5.2 and 
w hen first ru n  th rough  w as collected, the phospholipase A2 w as eluted 
w ith a linear grad ien t of am m onium  acetate of 0.6 M of pH  5.2.
3.1.8.) G el filtra tion  chrom atography of Agkistrodon piscivorus piscivorus  
snake venom .
The lyoph ilised  w hole venom  (100 mg) from  Agkistrodon piscivorus 
piscivorus w as dissolved in  1 ml of 20 mM am m onium  acetate of pH  8.0 
in the p resence of the protease inhibitor, PMSF. The w hole venom  w as 
frac tio n a ted  o n  Bio-gel P-30 co lum n (3.5 x 30 cm) using  20 mM  
am m onium  acetate of pH  8.0 as an eluting buffer. Five different peaks
7 9
Results Part I
Figure. 3.I.6.I. Identification of phospholipase A2 isoform s in the venom  
of Naja naja atra. The basic urea gels w ere p rep ared  as described  in 
m aterials and  m ethods bu t incorporating  5 m g /m l of p u rified  egg 
phosphatidylcholine in the running gel w ith  1 mM  EDTA in  the stacking 
gel and the tank electrolyte. Samples of pnriffesl enzym es w ere prepared  
by mixing 1:1 w ith brom ophenol blue, bu t containing Im M  EDTA. After 
electrophoresis the gel w as rinsed  tw ice w ith  d is tilled  w a te r and  
immersed in a solution containing 20 mM CaCl2 and  0.012 % rhodam ine 
6G buffered w ith 0.1 M triethanolam ine/C l", pH  8.0 and incubated  a t 37 
°C for 5-10 minutes. The reaction was stopped by w ashing w ith  a solution 
containing 20 mM EDTA. The gels w ere p h o tog raphed  against black 
background and reflected white light. Lav\€$ ^ 2. a W  3  Show &,'fjereytt
^vft.cfc,oy\s.
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w ere ob ta ined . Gel electrophoresis and  PLA2 assay show ed that peak 
num bers 2 an d  3 have phospholipase A2 activity. As the venom  of 
Agkistrodon piscivorus piscivorus  con tained  the d im er PLA 2 and  
m onom eric PLA2 , so at pH  8.0 dim eric ran as dimeric and m onom er ran 
as m onom eric PLA2 . The basic urea gel electrophoresis show ed a num ber 
of unidentified  acidic proteins (fig. 3 .1 .8 .).
3.1.8.1.) Id en tif ica tio n  of p h o sp h o lip ase  A? isoform s in  the  venom  of 
A gkistrodon piscivorus piscivorus.
Snake venom s often  contain  m ultip le form s of phospho lipase  A2 
which differ in  sequence, p I and in some cases their state of aggregation. It 
is no t uncom m on to find as m any as four different enzym es in a single 
venom  source, The gel filtration step at neutral pH  perm its size separation 
of d im eric  an d  m onom eric phospholipases; the dim eric enzym es have 
been observed  thus far to be acidic molecules w ith p i ~ 4. The designation 
of phospholipase A2 as dimeric enzymes based upon  their behaviour on 
gel filtration  colum ns is purely operational and does not im ply that these 
enzym es are functional only as dim ers or m onom ers (M araganore et al., 
1984).
T h ere  w e re  th ree  k n o w n  p h o sp h o lip ases  A 2 in the venom  of 
Agkistrodon piscivorus piscivorus, an  acidic d im er, and  tw o basic 
m onom eric enzym es. The separation of the dim eric from the m onom eric 
was achieved by gel filtration on Bio-gel P-30 as show n on basic urea gel 
electrophoresis (fig. 3.1.8.) Of the two basic m onom eric enzym es, one was 
designated as Asp-D-49 and  other was designated as Asp-K-49. The Asp-K-
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Figure. 3 .1.8. a & b. Different fractions from gel filtra tion  Bio-Gel P-30 
column chrom atography on m odified 20% basic urea gel electrophoresis, 
indicating presence of a num ber of acidic proteins in Agkistrodon piscivorus 
piscivorus venom. 0*tl <*_ \> SWou> AeJUjeJt^ i'/h
t f W  S ,
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49 phospho lipase  A 2 w as reported to be inactive (Van Den Bergh et al., 
1989). W e have iden tified  new  isoform s of phospholipase A 2 in  this 
venom by rhodam ine 6G gel electrophoresis. The different fractions from  
the gel filtration colum n w ere run  on the basic urea gel in the presence of 
egg lecith in  as described earlier. The dim eric acidic form ran  as a close 
doublet w ith  one m ajor and one m inor com ponents and the m onom eric 
form also ran  as doublet, both  are active com ponents. A part from  these 
four m ajor phospho lipases A2 , there w ere at least two or three m ore 
minor phospholipases A2 (fig. 3.1.8.1.).
3.1.9.) A rgin ine  m odification of PLA? isoforms.
U ntil approxim ately ten  years ago the specific chemical m odification of 
arginine w as relatively difficult to achieve. The high pKa of the guanidine 
functional g roup  (pKa~12-13) necessitated fairly drastic reaction conditions 
to generate an  effective nucleophile and m ost proteins are no t stable to 
extrem e alkaline pH . Phenylglyoxal is a m oderately specific reagen t for 
m odifying R residues although it can react rather m ore rap id ly  w ith  the 
N -term inal residue. Vensel and  K antrw itz (1980) used  this reagen t to 
study the involvem ent of arginine residues in the b inding of the substrate 
to porcine phospholipase A 2 enzym e, and show ed that incubation of the 
enzym e w ith  13.2 mM phenylglyoxal at pH  8.5 abolished the enzym ic 
activity w ith in  80 m inutes. This reagent was tried here to see m odification 
of arginine in  phospholipase A2 isoforms on basic urea gel
8 1
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Figure. 3.I.8.I. Identification of phospholipase A2 isoform s in  the venom  
of Agkistrodon piscivorus piscivorus. The basic urea gels w ere p rep ared  as 
described in materials and methods bu t incorporating 5 m g /m l of purified 
egg phosphatidylcholine in the runn ing  gel w ith  1 m M  EDTA in  the 
stacking gel and the tank electrolyte. Samples of pBsfeSd enzym es were 
prepared  by mixing 1:1 w ith  brom ophenol blue, b u t contain ing  Im M  
EDTA. After electrophoresis the gel was rinsed twice w ith  distilled water 
and im m ersed in a solution contain ing  20 m M  C aC l2 an d  0.012  % 
rhodam ine 6G buffered w ith  0.1 M trie th an o lam in e /C l', p H  8.0 and 
incubated at 37 °C for 5-10 minutes. The reaction w as s topped  by w ashing 
w ith  a solution containing 20 mM EDTA. The gels w ere photographed  
against black background and reflected w hite light. L a m s  ), a not 2
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electrophoresis. Basic urea gel electrophoresis has the advantage that you 
can see arg in ine  m odification. As the m obility of basic u rea  gel is 
d e te rm in ed  on  basis of the ra tio  of ne t negative charge (i.e. N- 
ter+Asp+Glu+Tyr-Arg) to total mass, so arginine m odified proteins run  
faster on  these gels as show n. M odification of arginine by th is reagen t 
causesthe pro te in  to form  dim er, tetram er, octamer and so on in  presence 
of excess m onom er (fig. 3.1.9.).

Bes-ults Pflrt I
Figure. 3.1.9. A rgin ine mcxiification of phospholipase A2 isoforms.
The ph o sp h o lip ase  A 2 isoform s w ere treated  w ith  phenylglyoxal an d  the 
native a n d  p h eny lg lyoxal trea ted  enzym es w ere ran  o n  m odified  2 0 % 
basic u rea  gels.
Lane 1: acidic PLA 2 from  Naja mossambica mossambica, Lane 2 : acidic PLA 2 
from Naja mossambica mossambica treated  w ith  phenylglyoxal, Lane 3: basic 
non-toxic PLA 2 from  Naja mossambica mossambica, Lane 4: basic non-toxic 
PLA2 from  Naja mossambica mossambica treated  w ith  phenylglyoxal, Lane 
5: PLA2 from  Naja naja atra, Lane 6 : PLA2 from  Naja naja atra trea ted  w ith  
phenylglyoxal.
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3.2,lf) A ctivation of bee venom  phospholipase A7 in 1-propanol by long- 
chain fatty acid.
There is considerable interest in using enzym es in organic or m ixed 
w a te r /o rg a n ic  solvents w here they can som etim es exhibit in teresting  
properties n o t d isp layed  in  aqueous m edium  (Klibanov, 1989; D ordick, 
1991; G upta, 1992). In the case of phospholipase enzymes the m ajor use of 
organic so lven ts has been to dissolve the w ater insoluble substrates to 
make a hom ogenous reaction m edium . This has frequently been achieved 
by the use of em ulsifiers to disperse long-chain lecithins (De H aas et a l,  
1971) and  this tends to increase the catalytic activity of the enzymes. Others 
have used a variety  of alcohols for this purpose and in contrast, this seems 
to low er the activity  of the enzym es. W arwicker et a l, (1994) used 20 % 
alcohol (m ethanol or ethanol) and have show n that the activity of porcine 
p ancrea tic  p h o sp h o lip a se  A 2 m easured  at pH  8.0, is reduced  w h en  
m ethanol or ethanol is added to the aqueous solution.
D rainas (1978) u sed  a conductim etric m odification of the titrim etric  
assay w here  the substra te  long-chain phosphatidylcholine species w as 
dissolved in 20 % 1-propanol and have show n that w hen the substrate w as 
highly purified  by deionisation, reaction progress curves catalysed by bee 
venom  PLA2 w ere biphasic due to activation by the fatty acid reaction 
product and  th a t exogenous fatty  acids w ith  chain length > C12 could 
remove the b iphasic nature of the reaction progress curves. M ezna et al., 
(1994) has sh o w n  th a t 1-p ropanol is highly inhib itory  for the  PLA 2 
catalysed hydrolysis of sh o rt/m ed iu m  chain length phosphatidylcholine
83
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derivatives. The aim  of this s tudy  w as to investigate the effect of 1- 
p ropanol concentration on product activation and to extend the results to 
investigate fatty acid binding by other enzymes.
3.2,1,1,) The effect of 1-propanol concentration on product activation of 
phospholipases.
Egg phosphatidylcholine was used as a substrate for bee venom  PLA2 
using  the  s tan d a rd  conductim etric assay at 20% v / v  of 1-propanol. It 
becam e clear that deionisation of the substrate resulted  in the production  
of h ig h ly  b iphasic  curves and th a t these becam e m onophasic  in the 
p resence of excess long-chain  fatty  acids. The effect of 1 -propanol 
concentration w as also investigated over the range 0-25% v /v  and  figure 
3.2.1.1.Ia. show s th a t no reaction could be detected below  15% 1-propanol 
co n cen tra tio n  p resu m ab ly  because the reaction  p ro d u c ts  are n o n ­
conducting  u n d e r these conditions. Above 15% p ropano l the b iphasic 
curves show ed a slow initial phase w hich d id  not change greatly in rate, 
bu t extended very considerably w ith increased 1-propanol concentration.
These results confirm  that the release of long-chain fatty acids of chain 
leng th  >C12 canno t be follow ed by  conductim etric  analysis in  p u re  
aqueous m ed ium  and  tha t w ith  egg phosphatidyl choline the lim it lies 
betw een 10 and  15% 1-propanol. More interestingly they show tha t w here 
rates can be m easured  they are not very strongly affected by 1-propanol 
concen tration . This is in m arked contrast to  the data  of M ezna w ho 
show ed th a t the activity of the bee venom  enzym e against 1-palm itoyl, 2- 
nonanoyl phosphatidylcholine fell betw een 15 and 20% 1-propanol
8 4
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F igure. 3 .2 .I.I.I. A ctivation of the bee venom  p h o sp h o lip ase  A 2 in  1- 
propanol.
The purified  phospholipase A2 ( lm g /m l)  from  the bee v enom  was 
dissolved in 10 mM trie thanolam ine/H C l buffer of pH  8.0. The different 
tr ie th a n o la m in e /H C l b u ffe rs  of p H  8.0 c o n ta in in g  1 -p ro p a n o l 
concentration of 0.0
( - ~ ) f 5.0 (-* -), 10.0 (-<►-), 15.0 ( -0-), 20.0 (-Q-) and  25-0 % ( — ) were 
prepared. Phospholipase A2 (2 jil) conductim etric assays w ere carried  out 
by using egg phosphatidylcholine as a substrate and  0.1 m M  CaCl2 in 2 ml 
of respective buffer (a). F igure (b) show s co m p ariso n  of n a tiv e  and 
activated phospholipase A 2 w ith  oleoyl im idazo lide on  15 an d  20% 1- 
p ropanol concentrations. The enzym e assays w ere d o n e  as in  (a). (1) 
Native enzym e (2) activated enzym e. ( Q  ) 15 % 1-propanol ( U  ) 20 % 
1-propanol.
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concentration. The interest in  this w ork is in the effect of 1-propanol on 
p roduct activation and these data show that neither the unactivated nor 
the activated rate  increases m arkedly w ith 1-propanol concentration in the 
range 15-25% v / v  of 1-propanol, bu t the concentration of product required 
to p roduce activation increases rap id ly  w ith solvent concentration. The 
highly linear n a tu re  of the non-activated phase is very apparent in these 
data.
PLA 2 enzym es from  other sources were tested using the egg PC assay 
w ith 20% 1-propanol and in  all cases product activation was apparen t and 
show ed variable, b u t sim ilar characteristics. This assay, therefore, form ed 
the basic test used  in  the present w ork to m easure the susceptibility of the 
enzyme to  free fatty acids. As a standard assay for fatty acid activation the 
ratio of the  in itial rate to the m axim um  product activated rate gives a 
value of ca 50-fold. Activation by inclusion of free oleic acid, m easured as 
direct en h an cem en t of the initial rate also gave values of ca 50-fold. 
Incubation  of the enzym e w ith  activating concentrations of fa tty  acid 
followed by d ilu tion  to sub-activating levels confirmed that activation by 
free oleic acid w as readily reversible.
3.2.2.) Activation of phospholipase A_2 bv glutaraldehyde in the presence of 
oleic acid.
A n earlier s tu d y  of the activation of bee venom  PLA2 by fatty  acids 
included experim en ts tha t dem onstrated  the ability of g lu tara ldehyde  
treatm ent to stabilise the activation of bee venom  PLA2 by oleic acid
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against d ilu tion . In these experim ents no tests w ere carried o u t to see 
w hether or n o t fatty  acid rem ained associated w ith  the enzym e as a 
consequence of the glutaraldehyde treatm ent. The original w ork show ed 
that enzym e activated in the presence of glutaraldehyde was quite unstable 
and the aim  of this w ork w as to find conditions necessary to stabilise the 
activity and  th en  to see w hether the fatty acid could be rem oved. Figure
3.2.2.I. show s the tim e-dependent activation of bee venom  phospholipase 
A 2 by 0.25 % g lu tara ldehyde in the presence of 0.1 mM oleic acid. Bee 
venom  p hospho lipase  A 2 (1 m g /m l in 10 mM triethanolam ine buffer of 
pH 8.0 containing 20 % v /v  1-propanol) was incubated w ith 0.1 mM  of free 
oleic acid, an  aqueous solution of glutaraldehyde was added to give a final 
concentration of 0.25% v /v . Two pi aliquots were w ithdraw n at m easured 
time in tervals and  tested for activation using egg phosphatidylcholine as 
the substrate . The controls figure 3.2.2.II. included m easurem ent of the 
effect of oleic acid and of g lutaraldehyde alone. U sing the increase in  
initial ra te  as a m easure of activation, the m axim um  activation  w as 
induced  by the  com bination of oleic acid and g lu tara ldehyde b u t this 
occurred w ith  very  considerable general inactivation as m easured by the 
fall in m axim um  rate.
3.2.3.) Stabilising activated PLA? bv borohvdride reduction.
The sim plest m ethod to stabilise the enzym e against inactivation by 
g lu tara ldehyde  w as reduction  using  sodium  borohydride. P relim inary  
tests show ed th a t the enzym e was stable to this reagent at pH  8.0. Figure
3.2.3. show s th a t B orohydride reduction was very effective in stabilising 
the g lu tara ldehyde activated enzyme. On the assum ption that
86
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Figure. 3.2.2.I. Time dependent activation of bee venom phospholipase A2 by 
glutaraldehyde in  the presence of oleic acid.
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The purified  bee venom  phospholipase A2 (1 m g /m l) was dissolved in 10 
mM trie thano lam ine/H C l buffer of pH  8.0 containing 20 % 1-propanol. The 
enzyme w as th en  treated w ith 0.1 mM oleic acid and 0.25 % glutaraldehyde 
and the p rogress of activation was checked by taking 2 pi of sam ple at 
different tim e interval. The conductimetric assays were carried out by using 2 
ml of 10 mM  triethanolam ine/H C l buffer of pH  8.0 containing 20 % v /v  1- 
propanol in  conductim etric cells. The purified egg phosphatidylcholine w as 
used as substra te  and 0.1 mM CaCl2 was also added to cells. ( -o- ) native 
enzyme, ( )  after 1 m inute of treatment, ( -*■ ) after 5 m inute of treatm ent, 
( -w- ) after 10 m inutes of treatment.
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F ig u re . 3 .2 .2 .II. S tabilisation of fatty  acid activation  of bee venom  
phospholipase A2 by glutaraldehyde.
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The purified  bee venom  phospholipase A2 (1 m g/m l) was dissolved in 10 
mM trie thanolam ine/H C l buffer of pH  8.0 containing 20 % v /v  1-propanol. 
The enzym e w as then  incubated at 25 °C either along ( - © - ) ,  w ith  0.1 mM 
oleic acid ( -o- ), w ith  0.25 % glutaraldehyde ( )  or w ith  0.1 mM oleic acid 
followed by  0.25 % glutaraldehyde (-©-). After about 10 m inutes, 2 pi samples 
w ere w ith d ra w n  for conductim etric m easurem ent of the tim e course of 
hydrolysis of substrate. The conductimetric assays were carried out by using 
2 ml of 10 m M  trie thanolam ine/H C l buffer of pH  8.0 containing 20 % 1- 
propanol in  conductim etric cells. The purified egg phosphatidylcholine w as 
used as substrate  and 0.1 mM CaCl2 was also added to cells.
Eesuli EartH    ___________________
Figure. 3.2.3. Borohydride reduction of glutaraldehyde treated bee venom  
phospholipase A2-
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Two sam ples of bee venom  phospholipase A2 (1 m g /m l) in  10 mM  
triethanolam ine/H C l buffer of pH  8.0 containing 20 % v /v  1-propanol were 
treated w ith  0.25 % glutaraldehyde in the presence of 0.1 mM oleic acid at 25 
°C. E nzym e assays w ere perform ed by using  phosphatidy lcho line  as 
substrate and  0.1 mM CaCl2 in 2 ml of triethanolam ine/H C l buffer of pH  8.0 
containing 20 % v /v  1-propanol. One sample (-♦"■) was treated w ith  sodium  
borohydride and  2 (il aliquots w ithdraw n for assay at m easured times. The 
other sam ple ( - o - ) was not treated w ith sodium borohydride.
Results P a i d
glu taraldehyde acts by trapping the enzyme in  an activated state by cross 
link ing  p rim ary  am ino-groups to give Schiffs base deriva tives, the 
reduction  of these derivatives to give secondary am ines should no t alter 
the geom etry to a large extent. Experiments were now carried out to extract 
free fatty  acid from  the activated enzym e and to do this 3 [H]-labelled oleic 
acid w as em ployed. Initially it was confirmed that the oleic acid could be 
rem oved from  the enzym e by gel filtration of Bio-gel P-30 resin  in  the 
presence of 20% 1-propanol.
3.2.3.I.) G el filtration of glutaraldehvde/oleic acid activated phospholipase
A&
Bee v e n o m  p h o s p h o lip a s e  A 2 w as ac tiv a ted  w ith  0.25 % 
g lu tara ldehyde in  the presence of 0.1 mM 3 [H] labelled oleic acid and  
red u ced  a n d  s tab ilised  w ith  so d iu m  b o ro h y d rid e . The ac tiv a ted  
phospholipase A 2 was subject to gel filtration on Bio-gel P-30 colum n (1 x 
10 cm) p reeq u ilib ra ted  w ith , and elu ted  w ith  10 mM  trie thanolam ine 
buffer of p H  8.0 containing 20 % 1-propanol. Figure 3.2.3.1. shows that the 
enzym e could  be separated from 3 [H] labelled oleic acid. The enzym e in 
the active peak w as then dem onstrated to be activated both  on the criteria 
of total recovery  of activation and on the ratio  of the m axim um  to the 
initial rate.
These experim ents show  that of a total activation factor of 50-fold, a 
factor of 10-fold is due to some form  of conform ational stabilisation. The 
residual 5-fold can only be obtained if the free fatty acid is also present in
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P u rified  bee venom  p h o sp h o lip ase  A2 (1 m g /m l)  in  10 m M  
triethanolam ine/H C l buffer of pH  8.0 containing 20 % v /v  1-propanol was 
activated w ith 0.25 % glutaraldehyde in the presence of 0.1 mM 3[H] labelled 
oleic acid and then passed through a gel filtration Bio-gel P-30 colum n (10 x 1 
cm) p repared  in 10 mM triethanolam ine/H C l buffer containing 20 % v /v  1- 
propanol and enzym e was tested for retention of activity. Enzyme activity 
(-o- ) and  radioactivity ( -* -)
Figure. 3.2.3.I. Activation of bee venom phospholipase A2 by glutaraldehyde 
does not require the presence of oleic acid.
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the enzym e. Thus fixation  by g lu tara ldehyde stabilises a re la tive ly  
activated  fo rm  of the enzym e, bu t conform ational flexibility  is still 
sufficient to allow free fatty acids to produce further changes.
3t2t3t2t)—G lu ta ra ld eh y d e/o le ic  acid treatm ent of snak e ven om  
phospholipase A?  enzyme.
The consideration  of lysine as a surface residue that is no t h ighly  
conserved  w ith in  snake venom  enzym es and  w ith  no de tec tab le  
resem blance in  d istribu tion  betw een these and the bee venom  enzym e 
m ade it  seem  very  unlikely that appropriate residues w ould  be p resen t 
with the correct separation to stabilise the conform ation change. A ttem pts 
to activate acidic isoform  of PLA2 from the venom  of Naja mossambica 
mossambica w ith  glutaraldehyde in the presence of oleic acid give results 
(figure 3.2.3.2.) that show that it is not activating bu t can be activated w ith  
acyl im idazolide.
3.2.4.) A ctivation  of bee venom  p h osp h o lip ase  A^ is not due to 
dimerisation.
Because the best know n property of glutaraldehyde is its ability to cross 
link pro teins it w as clear that the reagent could produce intram olecular as 
well as in term olecular bonds. M any studies have been carried out th a t 
suggest that PLA2 enzym es dimerise at high concentrations and  are m ost 
active in  the d im er form. Experiments were therefore carried ou t to see if 
the enzym e ac tivated  by g lu ta ra ld eh y d e /o le ic  acid had  changed  in 
Molecular size. The essential first step in any such investigation is
88
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Figure. 32.3.2. Stabilisation of fatty acid activation of acidic isoform of 
phospholipase A2 by glutaraldehyde.
a) The purified non-toxic acidic isoform  (BG-6) of phospho lipase  A2 (1 
m g /m l) from  the venom  of Naja mossambica mossambica in  10 mM 
triethanolam ine/H C l buffer of pH  8.0 containing 20 % v / v  1-propanol 
w as incubated either along ( - 0- ) or w ith  025 % glu tara ldehyde ( - ♦ -  ) or 
w ith  0.1 mM  oleic acid followed by 0.25 % g lu tara ldehyde ( ) .  The 
enzyme assays were carried out in the presence of 0.1 mM  CaCl2 using 2 
ml of 10 mM triethanolam ine/H C l buffer of pH  8.0 containing 20 % v /v  1- 
propanol. Egg phosphatidylcholine was used as substrate.
b) The non-toxic acidic (BG-6) (1 m g /m l) and non-toxic basic (1 m g/m l) 
isoforms of PLA2 from the venom  of Naja mossambica mossambica and  bee 
venom  phospholipases A2 (1 m g /m l) in 10 m M  trie th an o lam in e/H C l 
buffer of pH  8.0 w ere activated  w ith  m olar eq u iv a len t of oleoyl 
im idazolide (activator) and enzyme assay were perform ed as in (a), native 
( - 0-  ) and activated bee venom  PLA2 (—b- ), native ( —°- ) and  activated 
acidic PLA2 ( ) ,  native ( — ) and activated non-toxic basic PLA2 ( —-*-).
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stab ilisation  of the linkages by reduction and this w as carried  ou t as 
described earlier. Enzyme prepared in this way, was subject to SDS PAGE 
(figure 3.2.4.1.) and  ac id ic /u rea  PAGE (figure 3.2.4.II.) and  show ed an 
identical m ig ra tio n  velocity to un treated  enzym e. N ative and  trea ted  
enzym e w ere  also subject to gel filtration  on BioGel P30 in  20% 1- 
p ropanolic  so lu tion  and  also show ed identical elu tion pa tte rns (figure 
3.2.4.Ilia  & b). From this it can be concluded that glutaraldehyde does not 
activate by stabilising a dim erising conform ation. Both the native and  
glutaraldehyde activated, sodium  borohydride reduced enzym es were run  
separately on  gel filtration Bio-gel P-30 column ( 1 x 8  cm) using  10 mM 
triethanolam ine buffer of pH  8.0 containing 20 % 1-propanol. It is very  
clear th a t there  is no difference in m olecular w eight on gel filtra tion  
co lum n.
3.2.5.) A c tiv a tio n  of venom  p h o sp h o lip ase  A?  enzym es b y  oleoyl
im idazolide.
Previous w ork  had  show n that some phospholipase A2 enzym es w ere 
activated by incubation w ith  oleoyl im idazolide and  that this activation 
was stable against dilution and probably involved a covalent m odification, 
most probably  long-chain fatty acylation of the protein. In the case of the 
bee v en o m  enzym e it w as clear that this activation  w as the  stable 
equivalent of activation by free fatty acids. Chettibi et al., (1990) had  show n 
that som e o ther PLA2 enzym es could be activated by oleoyl im idazolide 
and all of these contained a histid ine residue in the sequence XYHZ 
where X, Y and  Z w ere norm ally arom atic residues. In the m ajority of 
cases the sequence was WWHF. (It w as of special interest that the sequence
8 9
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Figure. 3.2.4.I. SDS gel electrophoresis of native and activated bee venom  
phospholipase A2 w ith  glutaraldehyde in presence of oleic acid.
Sodium dodecyl sulphate-polyacrylam ide gel electrophoresis (12.5 %) w as 
prepared as described in material and methods, a) native bee venom  PLA2 
and b) Bee venom  PLA2 treated w ith 0.25 % glutaraldehyde, 0.1 mM  oleic 
acid and  reduced w ith  sodium  borohydride.
Result Part II
Figure. 3.2.4.II. The acidic a c id /u re a  gel electrophoresis of native and  
activated bee venom  phospholipase A2 w ith glutaraldehyde in presence of 
oleic acid.
a b
The acidic a c id /u re a  (20 % containing 8M urea) gel electrophoresis w as 
prepared as described in materials and m ethods, a) Native bee venom  PLA2 
and b) treated  bee venom  PLA2 w ith  0.25 % glutaraldehyde, 0.1 mM oleic
acid and  reduced w ith  borohydride.
Result Part II
Figure. 3.2.4.III. Activation of the bee venom  PLA2 by g lu tara ldehyde in 
the presence of oleic acid is not due to dimerisation.
Gel filtration Bio-gel P-30 colum n chrom atography of native and  treated 
bee venom phospholipase A2 . The Bio-gel P-30 colum n ( 1 x 8  cm) was 
prepared and equilibrated in both cases w ith  10 m M  triethanolam ine/H C l 
buffer of pH  8.0 containing 20 % v /v  1-propanol and  200 fig of the bee 
venom  phospholipase A2 in 200 jul of 10 mM  trie thano lam ine/H C l buffer 
of pH  8.0 containing 20 % v /v  1-propanol was applied  to colum n and  1 /2  
ml fractions were collected.
a) Native bee venom PLA2 (200 fig).
b) The bee venom  PLA2 (200pg) treated w ith  0.1 m M  oleic acid, 0.25 % 
glutaraldehyde and reduced w ith sodium  borohydride.
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of the m ajor isoform  from  Naja naja atra w hich  w as no n -ac tiv a tin g  
differed from  that of the acidic isoform of Naja mossambica mossambica 
in on 27 residues and  contained the alternative sequence WWDF). One 
aim of the p resen t w ork w as to purify  activating enzym es from  w hole 
venom s in  quantities sufficient for chemical and kinetic studies. This w as 
to inc lude  the Naja naja atra enzym e (M ezna et a l,  1994) as a n o n ­
activating control. Thus w ork fell into two parts; the purification of 
isoform s from  the venom  of Naja mossambica mossambica and  the 
identification of activating isoforms in the venoms of related species.
Six p u rified  phospholipase A2 enzymes from  three different venom s, 
four isoform s from  the venom  of Naja mossambica mossambica, one 
major isoform  from  the Naja naja atra and one from  bee venom  (A p is  
m ellifera ) w ere  trea ted  w ith  m olar equivalent of oleoyl im idazo lide  
(activator) to  find  ou t if the sensitive enzym es show ed any com m on 
structural features and  to see if any of them possessed useful features to 
enable the m echanism  of activation to be elucidated.
All the six isoform s of phospholipase A2 were pure and treatm ent of 
these enzym es w ith  oleoyl im idazolide under the conditions m entioned  
above gave the results show n in figure 3.2.5a and b. Figure (a) shows the 
effect of tre a tm e n t on m ouse ery throcy tes and (b) on  d io c tan o y l 
p h o sp h a tid y lch o lin e  (DiCsPC) substrate. The three least basic isoform s 
(basic non-toxic, new ly purified and acidic isoforms) from the venom  of 
Naja mossambica mossambica and bee venom  phospholipase A 2 isoform s 
showed very sim ilar activation on mouse erythrocytes w hereas the highly
90
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Figure 3.2.5. Activation and inhibition of phospholipase A2 isoforms. 
The purified phospholipase A2 isoforms from different snake venom s 
and  bee venom  w ere trea ted  w ith  m olar eq u iv a len t of o leoyl 
im idazolide and enzyme assays were carried ou t either a) on m ouse 
erythrocytes or b) on substrate, d ioctanoylphosphatidy lcho line  as 
described in materials and methods.
A) Acidic isoform  (BG-6) from  Naja mossambica mossambica. B) Basic 
non-toxic isoform  (BG-3/4) from  Naja mossambica mossambica. C) 
N ew ly purified isoform (BG-5) from Naja mossambica mossambica. D) 
Basic toxic isoform  (BG-1/2) from  Naja mossambica mossambica. E) 
Phospholipase A2 from Naja naja atra. F) Bee venom  phospholipase A 2 . 
( □  ) native enzymes, ( §§ ) activated enzymes.
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basic toxic isoform  from the venom  Naja mossambica mossambica, m ajor 
isoform  in  the venom  of Naja naja atra are in h ib ited  o n  m ouse 
erythrocytes.
The acidic isoform  (BG-6) of phospholipase A2 from the venom  of 
Naja mossambica mossambica was chosen for activation studies, because
1. A m ong  the  six isoform s from  different venom s, acidic non-toxic 
isoform  from  the venom  of Naja mossambica mossambica gave the best 
activation on  m ouse erythrocytes.
2. It w as com paratively easy to purify in large quantities for further studies.
3.2.6.) The action of oleoyl imidazolide on whole venoms.
W hole venom s of the various snakes and bee were treated w ith  oleoyl 
im idazolide. A total of fifteen snake venom s from all four major families 
(Elapidae , H ydroph iidae , Viperidae  and Crotalidae) and one from  bee 
venom  w ere selected and dissolved in 10 mM triethanolam ine/H C l buffer 
of pH  8.0 a t a concentration of 1 m g /m l and  then  treated  w ith  m olar 
equivalent of oleoyl im idazolide (activator) and incubated at 37 °C for tw o 
hours. F igure 3.2.6. a and  b shows the effect of treatm ent w ith  oleoyl 
im idazolide on  16 different venom. Enzymatic assays were carried out on 
mouse and  rabbit erythrocytes.
3.2.7.) Activation of the acidic iso form of Phospholipase A2 from the 
Ygnom of N aja  m ossam bica mossambica,.
The acidic isoform  of phospholipase A2 from the venom  of Naja
91
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Figure 3.2.6. The activation of different snake venom s on  m ouse and 
rabbit erythrocytes.
Crude snake venoms were activated by incubation of 100 pi aliquots of 
solutions of whole venoms (1 m g /m l in 10 mM triethanolam ine buffer, 
pH  8.0) w ith 2 pi of 4 mM solution of oleoyl im idazolide (solution in 
acetone) for 2 hours at 37 °C. Two pi sam ple was tested for the ability 
to prom ote leakage either on rabbit (a) or m ouse (b) ery throcy tes 
suspended in isotonic sucrose m edium  buffered at pH  7.4 w ith  10 m M  
M O PS/N a+ and in the presence of 10 mM albumin.
1: Naja nigricollis nigricollis. 2: Naja nigricollis crawshawii. 3: Naja  
nigricollis pallida. 4: Naja hannah (King cobra). 5: Naja nivea. 6: Naja haje. 
7: Naja naja. 8: Crotalus atrox. 9: Crotalus adamanteus. 10: Naja  
melanoleuca. 11: Enhydrina schistosa (sea snake). 12: Russell's viper. 13: 
Agkistrodon piscivorus piscivorus. 14: Naja naja atra. 15: B u n g a ru s  
fasciatus. 16: Naja mossambica mossambica. Native venom s ( ■  ), treated 
venoms ( )•
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niossuTTibictt mossambica  show ed a rapid  and perm anent increase in  lytic 
activity o n  m ouse erythrocytes, reaching a maxim um  of ca. 60-fold, w hen 
in cu b a ted  w ith  a sto ichiom etric  equ ivalen t concentration  of oleoyl 
im idazolide, b u t no t w ith  free fatty acid. The figure 3.2.7.1, show s tim e 
dependen t activation of phospholipase A2-
In o rd er to find ou t stoichiom etry conductimetric assays were carried 
out. The p u rified  acidic isoform  of phospholipase A2 (1 m g /m l) w as 
in cu b a ted  w ith  d ifferen t m olar concentration  of oleoyl im idazo lide  
(activator) and  enzym atic assays were carried out after incubation at 37 °C 
for tw o hours, using rabbit erythrocytes as a substrate (figure 3.2.7.H.).
3.2.83 T he s tab ility  of the activated state of PLA? enzyme from the venom  
of N aja m ossam bica mossambica.
A n investigation of the stability of activated enzyme was carried out to 
see if any  restrictions could be placed on the type of bonding involved. 
Previous s tu d ies  h ad  show n that the electrophoretic m obility of native 
and activated  enzym es did  not differ either on acid urea or SDS based 
PAGE m ethods. Earlier studies using ^[H] oleoyl im idazolide indicated 
that this m igh t be due to the labile nature of the adduct and the present 
investigation  therefore m easured the stability of enzymic activity and of 
ac tivation  u n d e r  the  conditions of electrophoresis or to the reagen t 
p resen t in  the electrophoretic systems. Table 3.2.8. shows the results of 
incubating the enzym e w ith components of the acidic and basic urea PAGE 
systems and  show s that activity is relatively stable, bu t activation is quite 
labile.
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Figure 3.2.7.1. Tinte dependent 3ctivstion of phospholipese A 2
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Purified  acidic isoform  of phospholipase A2 (1 m g /m l in 10 mM 
triethanolam ine buffer of pH  8.0) from the venom  of Naja mossambica 
mossambica w as incubated  w ith  2 |il each of either 4 mM  oleoyl 
im idazolide (activator) or 4 mM free oleic acid (solution in acetone) at 
room tem perature. Two |il samples were w ithdraw n from three ependorf 
tubes (one con tro l and tw o treated) at different tim e in tervals and 
activation w as assayed by conductimetric analysis on m ouse erythrocytes 
in the presence of 10 (iM bovine serum albumin as described in materials 
and m ethods.
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Figure 3.2.7.II. Stoichiometry of Activation of Phospholipase
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The acidic isoform  of phospholipase A2 (lm g /m l in 10 mM triethanolamine 
buffer of pH  8.0) from the venom  of Naja mossambica mossambica was 
activated w :th different m olar concentrations of oleoyl imidazolide for two 
hours a t 37°C and  activation was checked on rabbit erythrocytes by 
conductimetric assay as described in figure 3.2.7.I.
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TABLE 3.2.8. The effect of different gel electrophoresis solutions on the 
activated acidic isoform of PLA 2
Recovery of activity (%)
Gel Reagents catalytic activity Haem olytic activity
1- 0.8%  bis.+20%  acryl.+ 67.1±2 12.1±2
6 M urea
2- 0.8%  bis+20%  acryl.+ 93.3±4 
6M urea+2%  propionic acid
3- 0.8%  bis.+20%  acryl.+6M 19.4±3 
urea+ 2% propionic acid+0.5%APS
4. 0.4% bis.+20%  acryl.+ 6M 85.8±5 
urea+2%  propionic acid+0.1%TEM ED
5. 0.8%  bis.+20%  acryl.+6M urea 71.5±4 
2% ethanolam ine
6. 0.8%  bis.+20%  acryl. +6M urea 93.3±4 11.7±2
2% ethanolam ine+ 0.5%APS
7. 0.8%  bis.+20%  acryl.+6M urea 80.2±5 10.6±3
2% ethanolam ine+ 0.1 %TEMED
The purified acidic isoform  of phospholipase A2 from  the venom  o f N a ja  
m o ss a m b ic a  m o ssa m b ic a  was incubated with different gel reagent solutions as 
indicated above and to see the recovery of activated PLA 2, the enzym atic assay 
were carried out both on substrate (dioctanoylphosphatidylcholine and on rabbit 
erythrocytes. The recovery of activity % was calculated as compared to 
activated enzym e (without treatment).
55.5±3
10.2±2
36.7±4
12.4±3
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This w as investigated  further by recovering the enzym es after PAGE 
and exam ining bo th  activity and activation. Thus these results su p p o rt 
and ex tend  earlier studies w hich indicated th a t the b o u n d  acyl g roup  
m ight be attached by a very labile bond which elim inates any possibility of 
an am ide linkage to lysine residues or the N -term inal residue. The results 
also raise the possibility that no covalent bond m ight be involved, b u t all 
of the evidence from  the tim e course of the reaction to the resistance of 
the ac tiva ted  s ta te  to album in  or organic solvents suggest th a t som e 
chemical linkage is form ed. In order to see the stability of the activated 
state of enzym e, all three types gel electrophoresis analysis w ere carried 
out using  3 [H ]-la b e lle d  activator. F igure 3.2 .8.1, show s the stab ility  of 
activated acidic isoform  of PLA2 in SDS gel electrophoresis. It is clear that 
alm ost all rad ioactiv ity  is lost from the enzym e du ring  electrophoresis. 
Figure 3.2.8.II. show s tha t in  the acidic u rea gel the m ajor b an d  of 
radioactiv ity  w as found near the orig in  and a negligible am ount co-ran 
w ith  the  p ro te in  band . F igure 3 .2 .8.III. show s th a t in  b a s ic /u re a  gel 
electrophoresis conditions, the  major peak of radioactiv ity  w as found  at 
the electrophoresis front, w ell separated from the enzym ic activity. It is 
clear tha t the bond  is very unstable. The fact tha t the peak of radioactivity 
was ex trem ely  sh arp  in  b o th  SDS and  basic urea gel e lectrophoresis 
indicates th a t the residue w as released from the pro tein  very early  in the 
procedure.
A ctivation h ad  the progressive nature  of a chemical reaction and  the 
modified p ro te in  w as stable to dilute organic solvents and  also to album in, 
which w as necessary for the expression of lytic activity in the erythrocyte 
leakage assay. Radiolabelling experim ents using 3 [H]-oleic acid show ed
9 4
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Figure 3.2.8.I. SDS gel electrophoresis of activated phospholipase A 2
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The purified  acidic isoform of phospholipase A2 (BG-6) from the venom  of 
Naja mossambica mossambica was activated w ith  ^H-oleoyl im idazolide and  
was passed  through gel filtration BioGel P-30 colum n in  order to rem ove free 
rad ioac tiv ity  and  then  ran  on SDS gel e lectrophoresis  in  tw o  lanes, 
experim ental and guide lane. The guide lane w as stained w ith  coomassie blue 
and destained and aligned w ith the experim ental lane and  experim ental was 
cut in to  1 to 1.5 m m  slices starting  from  dye fron t and  enzym e and  
rad ioac tiv ity  w ere extracted  as described in  m ateria ls  and  m ethods. 
Radioactivity w as determ ined. Slice num ber 14 indicates enzym e position.
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F igure 3.2.8.II. T he a c id ic /u rea  gel e lectrophoresis  of the  activated  
phospholipase A2-
200 -]
100 -
1 0 2 0 3 0 4 0 5 0 6 0
SLICE NUMBER
The purified  acidic isoform of phospholipase A2 (BG-6) from the venom  of 
Naja mossambica mossambica was activated w ith 3[H]-oleoyl im idazolide and 
was passed th rough  gel filtration BioGel P-30 colum n in  order to rem ove free 
radioactivity and  then ran on the acidic urea gel electrophoresis in tw o lanes, 
experim ental and guide lane. The guide lane w as stained w ith  Coom assie 
blue and destained and aligned w ith the experimental lane and experim ental 
lane w as cut into 1 to 1.5 m m  slices starting from dye front and enzym e and 
rad ioactiv ity  w ere ex tracted  as described in  m ateria ls  and  m ethods. 
Radioactivity w as determ ined. Slice num ber 39 indicates enzym e position.
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Figure 3.2.8.III. The b a s ic /u re a  gel e lectrophoresis of the activated  
phospholipase A2 .
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The purified  acidic isoform of phospholipase A2 (BG-6) from the venom  of 
Naja mossambica mossambica was activated w ith 3[H ]-o leoy l im idazolide and 
was passed through gel filtration BioGel P-30 column in order to remove free 
radioactivity and then ran on the basic urea (unmodified) gel electrophoresis 
in two lanes, experim ental and guide lane. The guide lane w as stained w ith 
Coomassie blue and destained and aligned w ith  the experim ental lane and 
experim ental lane w as cut into 1 to 1.5 m m  slices starting from  dye front and 
enzyme w as extracted as described in materials and m ethods. Radioactivity 
and enzym atic activity w as determ ined. Slice num ber 13 indicates enzym e 
position.
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that free oleic acid could be separated  from  the native enzym e by gel 
filtra tion  in  20% aqueous 1-propanol (figure 3.2.8.IVA), b u t in  this 
m edium  it also bound  to, and co-eluted w ith  album in (figure 3.2.8.VA). 
H ow ever, w hen  the enzym e w as activated w ith  3 [H ]-o le o y l im idazo lide 
the activity  co-eluted the major peak of radioactivity  in 20% 1-propanol 
m edium  (figure 3.2.8.IVB) and  only a m inor fraction of the radioactiv ity  
co-ran w ith  album in  w hen  this w as included  w ith  the p ro te in  sam ple 
(figure 3.2.8.VB).
3.2.9.) Role of the N-terminal residue in activation of phospholipase A?.
The possibility that the activator w as binding to the N -term inal am ino 
acid w as investigated. Purified bee venom  phospholipase A 2 w as treated  
w ith different m olar concentrations of acetic anhydride. As it is clear from  
figure 3.2.9. that enzym e treated w ith  a 3 m olar excess of acetic anhydride, 
show ed partia l lost of activity and activation. This resu lt and together w ith  
that of C hettib i (1990) indicates th a t reactive lysine is responsib le  for 
activity and  thus m ask any possible effect on  activation b u t the  resu lts 
indicate tha t the m ost reactive N H  residue has little effect on any aspect of 
catalytic activity . From  this experim ent and  p rev ious experim ents the 
possibility of the N -term inal amino acid in b ind ing  the activator can be 
ruled out.
3.2.10.) Fourier Transform Infrared Spectroscopy.
In  o rd e r to investigate the nature of the chem ical linkage a Fourier 
Transform  Infrared Spectroscopic (FTIR) investigation w as p lanned  w hich
9 5
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Figure 3.2.8.IV. Gel filtration Bio-Gel P-30 colum n chrom atography of 
native and activated phospholipase A2-
The purified acidic isoform of phospholipase A2 (100 pi of 1 m g /m l in 
10 mM triethanolam ine buffer of pH  8.0) from  the venom  of Naja 
mossambica mossambica was incubated w ith  m olar equivalent of ^[H]- 
oleic acid and 3[H]-oleoyl imidazolide at 37°C for 2 hours. Bio-Gel P-30 
colum n (1 x 16 cm) w as equilibrated w ith  10 m M  trie thano lam ine 
buffer of pH  8.0 containing 20 % aqueous 1-propanol. The sam ple was 
then  applied to gel filtration  colum n and  0.5 m l fractions w ere 
collected in 5 m inutes. All the fractions w ere th en  an a ly sed  for 
enzymic activity and radioactivity.
A) Enzyme incubated w ith  3[H]-oleic acid
B) Enzyme incubated w ith 3[H]-oleoyl im idazolide.
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Figure 3.2.8.V. Gel filtration BioGel P-30 colum n chrom atography  of 
native and activated phospholipase A2
The purified acidic isoform of phospholipase A2 (100 pi of 1 m g /m l in 
10 mM  triethanolam ine buffer of pH  8.0) from  the venom  of Naja 
mossambica mossambica was incubated w ith  m olar equivalent of 3 [H]- 
oleic acid and 3[H]-oleoyl im idazolide at 37°C for 2 hours. A fter 2 
hours of incubation 8-fold m olar excess bovine serum  album in  was 
added before applying to column. BioGel P-30 colum n (1 x 16 cm) was 
equilibrated w ith 10 mM triethanolam ine buffer of pH  8.0 containing 
20 % aqueous 1-propanol. The sample w as then applied to gel filtration 
colum n and 0.5 ml fractions w ere collected in  5 m inutes. All the 
fractions were then analysed for enzymic activity and  radioactivity.
A) Enzyme incubated w ith 3[H]-oleic acid
B) Enzyme incubated w ith 3[H]-oleoyl im idazolide.
X
Sfiu
U
ro.8 |  
Ss
ho.6 I  
S
3
-0 .4
“ 0.2
0.0
TJ
3
—13u
au*
20
X
Scu
U
200 1 r l.o
- 0.8
“ 0.6
100 -
-0.4
imp mm ww WWW WWW
10
0.0
20
"o
3
3
?
_w
13u
3
ELUTION VOLUME(ml)
100
RADIOACTIVITY 
ENZ. ACTIVITY
10
ELUTION VOLUME(ml)
Results Part II
Figure 3.2.9. Role of the N-term inal residue on activation of phospholipase 
A2-
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The purified  bee venom phospholipase A2 was treated w ith different m olar 
co n cen tra tio n s of acetic anhydride . The PLA2 w as ac tiv a ted  w ith  
glutaraldehyde in the presence of oleic acid and the activation assays w ere 
carried ou t in  2 ml of 10 mM triethanolam ine buffer at pH  8.0 and  20 % 1- 
p ropanol using  egg phosphatidylcholine as substrate containing 0.1 mM 
CaCl2 at 37°C. 1: enzyme activated w ith glutaraldehyde in the presence of 
oleic acid. 2: enzym e treated w ith 1:1 molar equivalent of acetic anhydride 
and then  activated as in 1., 3: enzyme treated w ith 1:2 m olar equivalent of 
acetic anhydride and then activated as in 1., 4: enzyme treated w ith  1:3 m olar 
equivalent of acetic anhydride and then activated as in 1., 5: enzym e treated 
w ith 1:4 m olar equivalent of acetic anhydride and then activated as in 1., 6: 
enzym e trea ted  w ith  1:5 m olar equivalent of acetic anhydride  and then  
activated as in 1., 7: enzym e treated w ith 1:10 m olar equivalent of acetic 
anhydride and then activated as in 1.
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invo lved  the com parison of enzym es activated w ith  a long-chain  acyl 
group contain ing  on the one hand a 12C atom  and on the o ther a 13C 
atom in  the alpha-position. In principle the difference spectrum  should  be 
sensitive only to the close environm ent of the alpha carbon atom  of the 
acyl g roup . Com m ercially available 13C fatty acids labelled in the alpha 
position only included lauric and palmitic acids and of these, palm itic acid 
was too insoluble in  the necessary reagents to be used w ith  confidence. 
The bee venom  and  the acidic isoform  of phospholipase A2 from  the 
venom  of Naja mossambica mossambica w ere d isso lv ed  in  D 2 O 
(deuterium  oxide) and then activated by treatm ent w ith  an  approxim ately 
1:1 m olar ra tio  of l 3C-lauryl im idazolide p rep ared  as a concen tra ted  
so lu tion  in  acetonitrile . The difference spectrum  ob ta ined  by  FT-IR 
corresponded  to C = 0  stretching frequency of 1696 nm  w hich  does not 
correspond to  the values for any of the m odel com pounds tested, (table
3.2.10.) Such a spectrum  could be attributed to an ester hydrogen bonded  to 
a positively  charged residue. The data indicate that an acyl im idazolide 
m ight also p roduce a similar spectrum , bu t larger perturbations w ould  be 
required. These results are completely incom patible w ith  the presence of 
an am ide linkage. Figure 3.2.10.1. shows the spectrum  of acidic isoform  of 
PLA 2 from  the venom  of Naja mossambica mossambica after sub trac tion  
of enzym e treated  w ith  l 2C-lauryl im idazolide from enzym e treated  w ith  
13C -lauryl im idazolide. Similarly the figure 3.2.10.II. show s spectrum  of 
bee ven o m  PLA 2 after subtraction of enzym e treated  w ith  12C -la u ry l 
im idazolide from  enzym e treated w ith ^3C-lauryl im idazolide.
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Figure 3.2.10.1. FT-IR spectrum  of the binding of fatty  acid to the acidic 
isoform  of phospho lipase  A2 from  the venom  of Naja mossambica
mossambica.
The purified acidic isoform of phospholipase A 2 from  the venom  of Naja 
mossambica mossambica w as dissolved in  deuterium  oxide (99.9%D) to final 
concentration of 1 mM and kept in deuterium  oxide for tw o days before 
activation. The enzyme was divided into tw o equal portions and activated 
w ith  m olar equivalent of either 13c_iauly i  im idazolide or l^c -lau ry l 
im idazolide (solution in  acetonitrile  an d  p re p a re d  as describ ed  in 
m aterials and  m ethods) for tw o hours a t 37°C in  incubato r. FT-IR 
spectrum  was recorded using a Nicolet 60SX spectrom eter equ ipped  w ith 
a Nicolet 1280 com puter and w ith  a m ercury-cadm ium  tellu ride  type A 
detector. The in strum en t w as p u rg ed  con tinuously  w ith  d ry  air to 
m aintain a very low w ater-vapour pressure (-70 °C dew  point); the sample 
cell (CaF2, 50 pm  pathlength) w as filled and  em ptied  from  outside  the 
instrum ent in order to m aintain the purge. For each spectrum  1000 scans 
w ere averaged (500 m s/scan ) at a reso lu tion  of 2 cm "l. The spectrum  
show n is substration of the spectrum  of enzym e activated w ith  l^C-lauryl 
im idazolide from that of enzym e activated w ith  l^C -lauryl im idazolide.
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Figure 3.2.10.II. FT-IR spectrum  of the b inding  of fatty  acid to the bee 
venom phospholipase A2-
The purified bee venom  phospholipase A2 w as dissolved in  deu terium  
oxide (99.9%D) to final concentration of 1 mM  an d  kep t in  deu terium  
oxide for tw o days before activation. The enzym e w as d iv id ed  into two 
equal portions and activated w ith  m olar equivalent of either l^C -lau ry l 
im idazolide or 12C -lauryl im idazolide (so lu tion  in  ace ton itrile  and 
prepared as described in  materials and m ethods) for two hours at 37°C in 
incubato r. FT-IR spectrum  w as re c o rd ed  u s in g  a N ico le t 60SX 
spectrometer equipped w ith  a Nicolet 1280 com puter and w ith  a mercury- 
cadm ium  te llu ride  type A detecto r. The in s tru m e n t w as  p u rg ed  
continuously w ith dry air to m aintain a very low w ater-vapour pressure (- 
70 °C dew point); the sample cell (CaF2,50 pm  pathlength) w as filled and 
em ptied from outside the instrum ent in o rder to m ain tain  the purge. For 
each spectrum 1000 scans were averaged (500 m s/scan) at a resolution of 2 
cm 'l. The spectrum  show n is substra tion  of the  spec trum  of enzym e 
activated w ith  ^^C-lauryl im idazolide from that of enzym e activated with 
12c-lauryl imidazolide.
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Results Part II
3.2.11.) Fluorescence m easurem ents.
Because of the possible involvem ent of the sequence W W HF in  the 
Naja mossambica mossambica enzym es, fluorescence m easurem ents w ere 
carried  o u t to see if activation pertu rbed  the tryp tophan  environm ent. 
Firstly the em ission spectrum  of the norm al and activated bee venom  and 
of the acidic isoform  of PLA2 from  the Naja mossambica mossambica 
venom  w ere com pared and it was clear that in both cases the peak w as 
b o th  red -sh ifted  and  of decreased in tensity  as a resu lt of activation. 
Unexpectedly part of the decrease was found to be due to the acetone used 
as so lvent for the activator. In contrast acetonitrile had  no effect on the 
fluorescence o u tp u t (figure 3.2.11.1.) and w hen it was used as the solvent 
for the im idazolides the decrease and red shift effects were still observed. 
Figure 3.2.11.11. show s the spectra of native and  activated  w ith  oleoyl 
im idazolide (solution in acetonitrile) acidic isoform of PLA2 (0.1 m g /m l in 
10 m M  bora te  buffer of pH  8.0) from  the venom  of Naja mossambica 
mossambica. The acidic isoform  of PLA2 has three try p to p h an  residues, 
Trp-18, Trp-19 and  Trp-50. The sam ples w ere excited at 290 nm  and  
fluorescence em ission spectra were recorded over the range of 300-400 
nm. The bee venom  PLA2 contains tw o tryptophan residues, one near the 
N -term inus, Trp-8 and one near the C-term inus, Trp-128. Sim ilarly the 
bee venom  PLA2 in  10 mM borate buffer pH  8.0 w as treated w ith  m olar 
equivalent of oleoyl im idazolide (solution in acetonitrile) and spectra of 
native and  treated w ere recorded. The samples were excited at 290 nm  and 
fluorescence em ission spectra were recorded over the range of 300-400 nm  
(figure 3.2.11.III.).
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Figure 3.2.11.1. Time courses of fluorescence changes of the acidic isoform of 
PLA2 from  the venom  of Naja mossambica mossambica treated w ith acetone and 
acetonitrile.
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The acidic isoform  of PLA2 from the venom  of Naja mossambica mossambica 
(0.1 m g /m l) in 10 mM borate buffer of pH  8.0 was treated either w ith acetone 
(—  ) or w ith  acetonitrile ( —•—) and time courses of tryptophan fluorescence 
w ere recorded  at 340 nm  using a Perkin-Elmer LS 50 spectrofluorim eter at 
25°C. Samples w ere excited at 290 nm.
Result EarLlL
Figure 3.2.11.II. T ryptophan fluorescence emission spectra of native and  
treated acidic isoform of PLA2 from the venom of Naja mossambica mossambica 
w ith  oleoyl imidazolide.
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The acidic isoform  of PLA2 (0.1 m g/m l) from the venom of Naja mossambica 
mossambica w as treated w ith molar equivalent (8pM) of oleoyl im idazolide 
and fluorescence m easurem ents were m ade at 25 °C using a Perkin-Elmer LS 
50 spectrofluorim eter. Samples were excited at 290 nm  and fluorescence 
emission spectra w ere recorded over the range of 300-400 nm. Native enzyme 
(a) and treated  enzym e (b).
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Figure. 3.2.11.III. T ryptophan fluorescence spectra of native an d  oleoyl 
im idazolide treated bee venom phospholipase A2-
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Fluorescence m easurem ents were m ade at 25°C using Perkin-Elm er LS 50 
spectrofluorim eter. Enzyme solutions were prepared at 0.1 m g per ml (ca. 7 
|iM and  the sam ples were excited at 290 nm and emission spectra over the 
range 300-400 nm  were recorded for native enzyme ( ), enzym e after 10
m inutes of treatm ent w ith  8 fiM oleoyl im idazolide ( ), and  after 60
minutes of treatm ent w ith 8 p.M oleoyl imidazolide ( ........).
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In o rder to see the specificity of the activator (oleoyl im idazolide), the 
acidic isoform  of phospholipase A2 (0.1 m g /m l in 10 mM  borate buffer of 
pH  8.0) from  the venom  of Naja mossambica mossambica w as trea ted  
w ith  d iffe ren t m olar concen tra tion  of d im ethy l m aleic a n h y d rid e  
(solution in acetonitrile) and  fluorescence spectra of native and  treated  
w ere recorded. The samples were excited at 290 nm and  em ission spectra 
w ere recorded over the range of 300-400 nm. Figure 3.2.11.IV. clearly shows 
that there  w as an  increase in the fluorescence in tensity  of the treated  
sam ples and  a very slight blue shift instead of red shift was observed in 
oleoyl im idazolide treated samples. This now enabled a very w ide range of 
experim ents to be carried out.
3.2.11.1.) Fluorescence em ission for m easurem ent of fatty  acid b in d in g .
A d d itio n  of oleic acid dissolved in acetonitrile p roduced  very  rap id  
changes in p ro te in  fluorescence emission, suggesting that it b o u n d  to the 
enzym e very  rap id ly . F luorim etric titra tion  of the acidic isoform  of 
p h o s p h o lip a s e  A 2 from  the venom  of Naja mossambica mossambica 
enzym e w ith  oleic acid gave data from which a dissociation constant of 8 
mM w as d e te rm in ed  an d  w hich seem ed to correspond  w ell to 1:1 
stoichiom etry. Figure 3.2.11.1.1. shows the titration of acidic isoform  w ith  
different m olar concentration of free oleic acid (solution in acetonitrile), 
after ad d itio n  of 30 seconds of oleic acid, fluorescence in tensities w ere 
recorded at 340 nm. In the second type of experim ents, the phospholipase 
A 2 en zym e w as d isso lved  in 10 mM borate  buffer pH  8.0 at the 
co n cen tra tio n  of 0.1 m g /m l an d  in cu b a ted  w ith  d iffe ren t m olar 
concentration of oleoyl im idazolide. After one hour of treatm ent, the
9 9
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F igure 3.2.11.IV. T ryptophan fluorescence em ission spectra of native and 
trea ted  acidic isoform  of PLA2 from the venom  of Naja mossambica 
mossambioca w ith  different molar concentration of dimethyl maleic anhydride.
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The acidic isoform  of phospholipase A2 from the venom  of Naja mossambica 
mossambica w as prepared at concentration of 0.1 m g /m l solution in 10 mM  
borate buffer of pH  8.0 and divided into four equal fraction and three of them  
w ere tre a te d  w ith  d ifferent m olar concentration of d im ethy l m aleic 
anhydride. After about tw o hours of treatm ent the fluorescence spectra of 
native 1:0 (a), treated  w ith 1:1 (b), 1:2 (c) and 1:3 (d) were recorded at 25°C 
using a Perkin-Elm er LS 50 spectrofluorimeter over the range of 300-400 nm. 
The enzym e samples were excited at 290 nm.
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Oleic acid (jiM)
Figure 3.2.11.1.1. Fluorimetric titration of the acidic isoform of PLA2 from the 
venom  of Naja mossambica mossambica w ith free oleic acid.
280 i
The acidic isoform  of PLA2 from the venom  of Naja mossambica mossambica 
(0.1 m g /m l)  in  10 mM borate buffer of pH  8.0 w as treated w ith  different 
m olar concentration  of free oleic acid (in acetonitrile) and  fluorescence 
intensities w ere recorded after each addition of free oleic acid at 340 nm using 
a Perkin-Elm er LS 50 spectrofluorimeter at 25°C. Samples w ere excited at 290 
nm.
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try p to p h a n  fluorescence spectra of native and  treated  sam ples w ere 
recorded at 25 °C (3.2.11.l.II.).
To see the effect of acyl chain length, two types of experim ents w ere 
carried out. In the first the effect of acyl chain was studied by fluorescence 
changes. Two fatty acids were chosen. The figure 3.2.11.l.III. show s that 
sh o rt cha in  fatty  acid (hexanoic acid) p ro d u ced  no effect on  the 
fluorescence intensity of the acidic phospholipase A2, w hereas long-chain 
fatty acid (oleic acid) produced abrupt changes. Similarly the bee venom  
phospholipase A2 enzym e (figure 3.2.11.l.IV.) did not show any changes in 
fluorescence em ission in  response to hexanoic acid, bu t responded to oleic 
acid. In  the second type, the effect of acyl chain o n  PLA2 activation was 
s tud ied  by conductim etric assays. Figure 3.2.11.l.V . shows th a t activation 
of enzym es is due to  long-chain fatty acids.
3.2.11.2.) Fluorescence em ission for m easurem ent of acyl im idazolide  
b ind ing ,
E xtended incubation of the bee venom  and the acidic isoform  of Naja 
m ossam bica mossambica p h o sp h o lip ase  A2 enzym es w ith  o leoy l 
im idazolide resu lted  in  very considerably reduced fluorescence em ission 
and a d istinc t red  shift for the  m axim um  absorption. W hen  this was 
studied  in  the kinetic m ode two distinct processes w ere revealed. The first 
was a very  rap id  fall in  emission and this w as followed by a long slow fall 
w hich eventually  ended  at a low stable level. The interpretation of these 
events w as tha t the first part could represent binding of the reagent to the 
protein and  the second represent the subsequent chemical reaction leading
1 0 0
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Figure 3.2.11.1.II. Tryptophan fluorescence emission spectra of the acidic 
isoform of phospholipase A2 from the venom of Naja mossambica mossambica 
treated w ith  different molar concentrations of oleoyl imidazolide.
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The acidic isoform of phospholipase A2 from the venom of Naja mossambica 
mossambica w as p repared  at concentration of 0.1 m g /m l solution in 10 mM 
borate buffer of pH  8.0 and divided into six equal fraction and five of them  
were treated  w ith  different molar concentration of oleoyl im idazolide. After 
one hour of treatm ent the fluorescence spectra of native 1:0 (1), treated w ith  
1:0.125 (2), 1:0.25 (3), 1:0.5 (4), 1:1 (5) and 1:2 (6) were recorded at 25°C using a 
Perkin-Elm er LS 50 spectrofluorim eter over the range of 300-400 nm. The 
enzyme sam ples were excited at 290 nm.
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Figure 3.2.11.1.III. Time courses of fluorescence em ission changes of the 
acidic isoform of PLA2 from the venom of Naja mossambica mossambica treated 
w ith  hexanoic acid and oleic acid.
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The acidic isoform  of PLA2 from the venom  of Naja mossambica mossambica 
(0.1 m g /m l)  in 10 mM borate buffer of pH  8.0 was treated either w ith  the 
hexanoic acid (short chain fatty acid) (■—  ) or with the oleic acid (long chain 
fatty acid) ( - -  ) and time courses of tryptophan fluorescence were recorded 
at 340 nm  using a Perkin-Elmer L5 50 spectrofluorim eter at 25°C. Samples 
were excited at 290 nm.
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Figure 3.2.11.1.IV. Time courses of fluorescence emission changes of the bee 
venom  phospholipase A 2 treated w ith hexanoic acid or oleic acid.
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The bee venom  phospholipase A2 (0.1 m g/m l) in 10 mM borate buffer of pH  
8.0 w as treated  either w ith  hexanoic acid (short chain fatty acid) ( ) or w ith
oleic acid (long chain fatty acid) (—  ) and  time courses of tryp tophan  
fluorescence changes w ere recorded at 340 nm using a Perkin-Elmer LS 50 
spectrofluorim eter at 25°C. Samples were excited at 290 nm.
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F igure 3.2.11.1.V. The effect of acyl chain length on the activation of 
phospholipase A2
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To see the effect of acyl chain length, conductimetric enzym e assays w ere 
carried ou t using 2 ml of triethanolam ine/H C l buffer of pH  8.0 containing 
20 % 1-propanol. The substrate used was purified egg phosphatidyl choline 
in the presence of 0.1 mM CaCl2- Free fatty acid (0.2 mM) was included in 
the assay buffer. Two fil of bee venom  phospholipase A2 ( lm g /m l)  w as
used. ( — ) N ative enzym e, ( —*—) oleic acid+enzym e, ( ----- ) palm itic
acid+enzym e, (—0—) myristic acid+enzyme, ( -°—) octanoic acid+enzym e, 
( -♦ -)  heptanoic acid+enzyme, (--*-)hexanoic acid+enzyme.
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to stable m odification. In  order to  determ ine w hether these processes 
correspond to activation, a num ber of experiments w ere carried out. These 
included the use of;
a:- short chain im idazolides know n not to activate, 
b:- a know n slow activator
c:- the non-activating Naja naja atra PLA2 enzym e and
d:- a range  of pH s in w hich the rate  of activation of the bee and  snake
venom  enzym es are know n to vary.
Figure 3.2.11.2.1. shows the effect of short chain hexanoyl im idazolide. 
As show n, the spectra of native and  treated are superim posable on each 
other. Figure 3.2.11.2.II. show s the tim e courses of acidic isoform  of PLA2 
tre a te d  w ith  m o lar eq u iv a len t of hex an o y l im id az o lid e  an d  N - 
(o leoyloxy)succinim ide im idazo lide  (activator) and  figure 3.2.11.2.III. 
sh o w s s p e c tra  of n a tiv e  ac id ic  P L A 2 and  tre a te d  w ith  N - 
(oleoyloxy)succinimide im idazolide (activator).
In o rd e r to characterise the n a tu re  of the g roup  w hich  b in d s  the 
activator, an extensive p H  dependent activation kinetic studies of three 
d ifferen t isoform s of phospho lipase  A2 enzym es from  three d ifferen t 
venom s w ere carried  out. The first approach w as to s tudy  pH  d ependen t 
activation  kinetics by u s in g  an ery throcy te  assay, as this is the m ost 
convenient m ethod  of detecting activation. The acidic isoform  of PLA2 
from  th e  venom  of Naja mossambica mossambica (1 m g /m l)  w as 
incubated in 10 m M  buffers of either bis tris p H  7.0 or borate pH  8.0. and 9.0 
and incubated w ith  the m olar equivalent of oleoyl im idazolide at room
101
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Figure 3.2.11.2.1. T ryptophan fluorescence em ission spectra of native and 
treated  acidic PLA2 from  the venom  of Naja mossambica mossambica w ith  
hexanoyl imidazolide.
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The acidic isoform  of PLA2 (0.1 m g/m l) from the venom  of Naja mossambica 
mossambica w as treated w ith m olar equivalent (8|iM) of hexanoyl im idazolide 
and fluorescence m easurem ents were made at 25°C using a Perkin-Elm er LS 
50 spectrofluorim eter. Samples w ere excited at 290 nm  and  fluorescence 
emission spectra were recorded over the range of 300-400 nm. Native enzym e 
(a) and treated  enzym e (b).
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Figure 3.2.11.2.II. Time courses of tryptophan fluorescence em ission of the 
acidic isoform  of PLA2 from  the venom  of Naja mossambica mossambioca. 
treated  w ith  hexanoyl im idazolide, N-(oleoyloxy)succinim ide im idazolide 
and oleoyl imidazolide.
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The acidic isoform  of PLA2 from the venom  of Naja mossambica mossambica 
(0.1 m g /m l)  in 10 mM borate buffer of pH  8.0 w as trea ted  w ith  m olar 
equivalent of hexanoyl im idazolide, N-(oleoyloxy)succinim ide im idazolide 
(activator) and  oleoyl im idazolide (activator) and fluorescence m easurem ents 
w ere  m ad e  of hexanoyl im idazo lide  (a), N -(o leoy loxy)succ in im ide  
im idazolide (b) and  oleoyl im idazolide (c) PLA2 treated  sam ples at 25°C 
using a Perkin-Elm er LS 50 spectrofluorim eter. Samples w ere excited at 290 
nm and em ission intensity recorded at 340 nm.
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Figure 3.2.11.2.III. T ryptophan fluorescence spectra of native and treated 
acidic isoform  of PLA2 from the venom  of Naja mossambica mossambica w ith 
N-(oleoyloxy)succinimide imidazolide (activator).
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The acidic isoform  of PLA2 from  the venom  of Naja mossambica mossambica 
(0.1 m g /m l)  in 10 mM borate buffer of pH  8.0 was treated  w ith  m olar 
e q u iv a len t of N -(o leoy loxy)succin im ide im id azo lid e  (ac tiv a to r).an d  
fluorescence m easurem ents were made of native (0.1 m g /m l in 10 mM  borate 
buffer of p H  8.0) and  treated PLA2 samples at 25°C using a Perkin-Elmer LS 
50 spectrofluorim eter. Samples were excited at 290 nm and emission spectra 
over the range 300-400 nm  w ere recorded for native (a) and treated PLA2
samples(b).
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tem perature. At different time intervals 2 |il samples w ere w ithd raw n  and 
conductim etric  assays w ere carried ou t on m ouse ery throcytes (figure 
3.2.11.2.IV.).
In  ano ther approach , pH  dependen t activation kinetic of the acidic 
isoform  of PLA2 from  the venom  of Naja mossambica mossambica w as 
s tu d ied  b y  try p to p h a n  fluorescence changes. The acidic PLA 2 w as 
incubated at the concentration of 0.1 m g /m l in bis tris or borate buffer pH s 
7.0, 7.5, 8.0 and  9.0. Figure 3.2.11.2.V. show s clearly pH  d ep en d en t 
fluorescence changes. The sam ples w ere excited at 290 nm  and em ission 
intensities w ere recorded at 340 nm  over a time of 600 seconds. The results 
show m axim um  rate at pH  8.0 and alm ost no fluorescence change occur at 
pH  9.0, it w as also clear from  the figure 3.2.11.2.IV. tha t at the sam e pH  
there w as no activation on erythrocyte assay. But the rate is 2-3 fold lower 
at pH  7.0.
The bee venom  phospholipase A2 w as also treated  w ith  the m olar 
equ ivalen t concen tration  of oleoyl im idazolide at d ifferent pH  values. 
Figure 3.2.11.2.VI. show s the time course of fluorescence changes of bee 
venom  PLA2 treated at pH  7.0, 8.0 and 9.0 using 10 mM buffer of bis tris or 
borate. S im ilarly as in  the case of the acidic isoform , bee venom  PLA2 
shows a m axim um  rate at pH  8.0 and the rate at pH  7.0 is two to three fold 
lower, b u t in  this case the rate at pH  9.0 is slightly lower than  rate at pH  8.0. 
Figure 3.2.11.2.VII. show s spectra of bee venom  PLA2 at d ifferen t p H  
values. The sam ples w ere excited at 290 nm  and  spectra w ere recorded  
over the range 300-400 nm. It is also clear from this figure that m axim um  
fluorescence changes w ere produced at pH  8.0.
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F igure 3.2.11.2.IV. pH  dependence activation  of the acidic isoform  of 
phospholipase A 2 from the venom of Naja mossambica mossambica.
2.0
1.0 -
0 4 8 12
Time (min)
The acidic isoform  of PLA2 (1 m g /m l) from  the venom  of Naja mossambica 
mossambica was treated w ith m olar equivalent (80 jiM) of oleoyl im idazolide 
at room  tem p era tu re  and 2 pi sam ple w as w ith d raw n  at d ifferent tim e 
intervals and activation assays were carried out as described in m aterials and 
m ethods b u t using m ouse erythrocytes as substrate. pH  7 (—*-), pH  8 (—0 - ), 
and p H 9 ( - ° -  )
Result Partn
Figure 3.2.11.2. V. Time courses of tryptophan fluorescence em ission of the 
acidic isoform of PLA.2 from the venom of Naja mossambica mossambica treated 
w ith  oleoyl im idazolide at different pHs.
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The acidic isoform  of PLA2 (0.1 m g/m l) from the venom  of Naja mossambica 
mossambica w as treated  w ith m olar equivalent (8|iM) of oleoyl im idazolide 
and fluorescence m easurem ents were m ade at 25°C using a Perkin-Elm er LS 
50 spectrofluorim eter. Samples were excited at 290 nm  and em ission intensity 
recorded at 340 nm . Time courses of PLA2 treated w ith  oleoyl im idazolide 
were recorded  a t pH  7.0 (enzyme in 10 mM Bis tris buffer) (1), at p H  7.5 
(enzyme in  10 m M  Bis tris buffer) (2) at pH  8.0 (enzym e in 10 mM  borate 
buffer) (3) and  at pH  9.0 (enzyme in 10 mM borate buffer) (4).
Results Part II
Figure 3.2.11.2.VI. Time courses of tryptophan fluorescence em ission of the 
bee venom  PLA2 treated w ith oleoyl imidazolide at different pHs.
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The bee venom  PLA2 (0.1 m g /m l) was treated  w ith  m olar equivalent of 
oleoyl im idazo lide and fluorescence m easurem ents w ere m ade of at 25°C 
using a Perkin-Elm er LS 50 spectrofluorim eter. Samples w ere excited at 290 
nm and em ission intensity recorded at 340 nm. Time courses of bee venom  
PLA2 treated  w ith  oleoyl im idazolide were recorded at pH  7.0 (enzyme in 10 
mM Bis tris buffer), at pH  8.0 (enzyme in 10 mM borate buffer) and at pH  9.0 
(enzyme in 10 mM  borate buffer). pH  7.0 ( - • —), pH  8.0 ( -* - )  and pH  9.0 (“°")
Result Partn
Figure 3.2.11.2.VII. T ryptophan fluorescence spectra of bee venom  PLA2 at 
different pH.
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The bee venom  PLA2 (0.1 m g /m l) was treated w ith  m olar equ ivalen t of 
oleoyl im idazolide and  fluorescence measurem ents w ere m ade at 25°C using 
a Perkin-Elm er LS 50 spectrofluorimeter. Samples w ere excited at 290 nm  and 
emission spectra over the range 300-400 nm  were recorded at pH  7.0 (enzyme 
in 10 mM  Bis tris buffer) native (4) and after 10 m inutes of treatm ent (5), at 
pH 8.0 (enzym e in  10 mM borate buffer) native (1), after 10 m inutes of 
treatm ent (2) and  after 60 m inutes of treatm ent (3) and at p H  9.0 (enzym e in 
10 m M  borate buffer) native (6), after 10 m inutes of treatm ent (7) and after 60 
m inutes of treatm ent (8),
Resu lts Part II
The m ajor isoform  of phospholipase A2 w ith  WWDF sequence from  
the venom  of Naja naja atra does no t activate in response to oleoyl 
im idazolide b u t produces fluorescence changes at different pH  values. In 
this case changes at different pH s are not sim ilar to those p roduced  by 
p h o sp h o lip ase  A 2 enzym es from  the bee venom  and the acidic isoform  
from  Naja mossambica mossambica. The rate of change of fluorescence is 
higher at pH  9.0 as com pared to fluorescence rates at pH  7.0 and 8.0 (figure
3.2.11.2.VIIIB). Figure 3.2.11.2.VIIIA. shows spectra of the major isoform  of 
P L A 2 from  Naja naja atra venom  at d ifferent pH  values. The sam ples 
w ere excited as before at 290 nm  and spectra w ere recorded over the range 
of 300-400 nm.
3.2.12.) Erythrocyte binding.
A ctivation  of bee venom  phospholipase A 2 w ith  oleoyl im idazolide 
has a very dram atic effect on the ability of the enzym e to lyse erythrocytes 
in the presence of album in (Drainas and Law rence, 1980). Because this 
effect occurs in  an aqueous m edium  it indicates that activation by free fatty 
acids or acylation m ight have a physiological role. A lthough neither the 
native nor the  activated  enzym e are lytic in  the absence of album in, the 
enhanced activity of the activated enzym e in the absence of album in has 
been clearly dem onstrated. Enhancem ent of the lytic action of the enzym e 
could be a ttrib u ted  either to increased b in d in g  of the enzym e to the 
ery throcyte m em brane or else to increases in the lytic p roperties of the 
enzym e itself. To investigate the form er possibility , ery throcytes w ere 
incubated w ith  low  quantities of normal and activated enzym e and after a 
brief incubation the cells pelleted and the residual PLA2 present in the
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Figure 3.2.11.2.VIII. Perturbation of the tryp tophan  fluorescence of the 
major PLA2 isoform from the venom  of Naja naja atra by  oleoyl imidazolide 
at different pHs.
The major isoform of PLA2 (0.1 m g /m l) from  the venom  of Naja naja atra 
was treated  w ith  m olar equivalent (8pM) of o leoyl im idazo lide  and 
fluorescence m easurem ents were recorded at 25°C using a Perkin-Elm er LS 
50 spectrofluorimeter. Enzyme solutions were p repared  at 0.1 m g /m l (ca 7.5 
pM) and emission spectra for excitation at 290 nm  obtained
(A) Emission spectra over the range 300-400 nm  w ere recorded  a t pH  7.0 
(enzyme in 10 mM Bis tris buffer) native (1) and  after 10 m inutes of 
treatment (2) and at pH  8.0 (enzyme in 10 mM borate buffer) native (3) and 
after 10 minutes of treatm ent (4) and at pH  9.0 (enzym e in  10 m M  borate 
buffer) native (5) and after 10 m inutes of treatm ent (6)
(B) Emission intensity recorded at 340 nm. Tim e courses of fluorescence 
emission changes of PLA2 treated w ith  oleoyl im idazolide w ere recorded at 
pH  7.0 (enzyme in 10 mM Bis tris buffer) (1), at pH  8.0 (enzym e in  10 mM 
borate buffer) (2) and at pH  9.0 (enzyme in  10 mM  borate buffer) (3).
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Results Part II
supernatan t w as assayed against dioctanoylphosphatidylcholine substrate 
in the presence of 1 mM CaCl2 to give m axim um  sensitivity. W hen this 
experim ent w as carried ou t in the presence of album in, the recovery of 
activity from  solution w as 97.6±2 % for native enzym e and  96.1+.3 % for 
the activated  enzym e w hilst in the absence of album in recovery fell to 
63.3±4 for native enzym e and 61.5±3 for the activated  enzym e. These 
resu lts ind icate tha t bo th  form s of the enzym e b in d  m ore strong ly  to 
album in than  to erythrocyte m em brane, bu t the affinity for the m em brane 
is not altered significantly by acylation (figure 3.2.12.).
3.2.13.) C ircular D ichroism .
In fo rm atio n  on  the th ree-d im ensional s tru c tu re  (conform ation) of 
m acrom olecules in  solution can be obtained by  study ing  their absorp tion  
of po larised  light, using circular dichroism  (CD) spectroscopy. C ircular 
d ichroism  spectroscopy m easures the differential absorption  of righ t (R) 
and  left (L) circularly polarised light as a function of a w avelength. The CD 
spectrum  of a protein  can provide inform ation about the relative am ounts 
of the m ajor types of secondary structure (a, b and random  coil) w ith in  the 
p ro te in  in  so lu tio n . H ow ever, m ore  im p o rta n tly , th e  CD  of a 
m acrom olecule is very sensitive to conform ational changes. Even if the 
CD spectrum  of a protein is far too complex for the determ ination  of its 
s tructure, it is usually  possible to study  alm ost any in teraction  w ith  the 
protein. For exam ple the CD spectra m ay be used to determ ine the b ind ing  
constants of substrates, cofactors, inhibitors or activators of any enzym e 
(W ilson and  G oulding, 1986).
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Figure. 3.2.12. Erythrocyte binding of Phospholipase A2 .
N ative and  ac tiva ted  w ith  o leoyl im id az o lid e  th e  bee v en o m  
phospholipase A2 (2 pg) was incubated w ith m ouse erythrocytes in  2 ml 
of 10 mM isotonic sucrose buffer of pH  7.4, either a) in  the absence of 
album in or b) in  the presence of album in and  th en  cen trifuged  and  
su p e rn a tan ts  w ere  te s ted  for p h o sp h o lip a se  A 2 a c tiv ity  u s in g  
dioctanoylphosphatidylcholine as a substrate and  1 mM  CaCl2 to give 
maximum sensitivity in 2 ml of 10 mM trie thanolam ine/H C l buffer of pH  
8.0 A) Bee venom PLA2 (2 pg) diluted in  2 ml of isotonic sucrose buffer of 
pH 7.4. B) Native bee venom  PLA2 C) A ctivated bee venom  PLA2 w ith  
oleoyl imidazolide.
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Results Part II
H ere we used  circular dichroism  spectroscopy to obtain direct evidence 
for conform ational change, the spectra of native and activated bee venom  
phospho lipase  A2 w ere com pared. The bee venom  phospholipase A2 (0.2 
m g /m l)  w as activated  w ith  the m olar equivalent of oleoyl im idazolide 
(activator) using 10 mM borate buffer of pH  8.0 and the spectra of native 
bee venom  PLA 2 (0.2 m g /m l) in  10 mM  borate buffer of pH  8.0 and  
a c t iv a te d  P L A 2 w ere  tak en  a t 25 °C u s in g  a JASCO J-600 
sp ectropo larim eter. The efc and f i  con ten t of native and  activated  bee 
v en o m  p h o sp h o lip a se  A 2 enzym es w ere m easu red  u s in g  CO N TIN  
procedure  (Provencher and Glockner, 1981). The et-helix contents of native 
and  activated  bee venom  PLA2 w ere 30±1% and 39±2% respectively and  
tha t of J3^sheet w ere 38±1% and 45±2% respectively and  the rem ainder of 
secondary  s tru c tu re  for native and  activated  w ere 32±1% an d  16±3% 
respectively . The resu lt figure 3.2.13.1. show s clearly  th a t th e re  is a 
significant change in secondary structure on activation.
In o rd er to see w hether there is any conform ational change in  o ther 
phospho lipase  A 2 enzym es, we used the acidic isoform of PLA2 from  the 
venom  of Naja mossambica mossambica. The native p h o sp h o lip ase  A 2 
from  the venom  of Naja mossambica mossambica (0.5 m g /m l) in  10 m M  
borate buffer of pH  8.0 and activated PLA2 w ith  oleoyl im idazolide in the 
sam e buffer and  sam e concentration  w ere subject to  CD spectroscopic 
analysis. Figure 3.2.13.II. show s that there is some change in the secondary 
structure of activated phospholipase A2 .
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Figure. 3.2.13.1. Com parison of the circular dichroism  (CD) of native and 
oleoyl imidazolide activated bee venom  PLA2 .
The bee venom phospholipase A2 (0.2 m g /m l) in 10 m M  borate buffer of 
pH  8.0 was activated w ith  m olar equ iva len t of oleoyl im idazo lide  
(solution in  acetone). CD spectra of native (a) a n d  the m odified  (b) 
enzymes were recorded at 25°C using a JASCO J-600 spectropolarim eter.
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Figure 3.2.13.II. Com parison of the circular dichroism  of native and  oleoyl 
im idazolide activated acidic PLA2 from the venom  of Naja mossambica 
mossambica.
The acidic PLA2 (0.2 m g /m l) from  the venom  of Naja mossambica 
mossambica w as activated w ith  m olar equivalent of oleoyl im idazolide 
(solution in acetonitrile) and CD spectra of native (a) and  the m odified (b) 
enzymes were recorded using a JASCO J-600 spectropolarim eter.
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As for the CD analysis the activator used was in acetone, in o rder to see 
the effect of acetone on the CD of bee venom  phospholipase A2 , a blank 
experim en t w as carried  o u t by using  the sam e buffer and  the sam e 
concentration of enzym e and acetone. Figure 3.2.13.III. show s the effect of 
acetone on  the CD of bee venom  phospholipase A2 .
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Figure. 3.2.13.III. Effect of acetone on circular dichroism  (CD) of native 
bee venom PLA2 .
the bee venom  phospholipase A2 (0.2 m g /m l in  10 m M  borate buffer of 
pH  8.0) was recorded at 25°C using a JASCO J-600 spectropolarim eter.
1
0
.0
0
o
01
O ' *
O
o •
o
x i
O ) I
O  CD
C J X 3
Wa
ve
le
ng
th
 
(n
m)
Chapter Four
Discussion
D iscussion
The investigations w ere carried ou t in this w orkhelp to resolve m any 
questions concerning the activation of venom  phospholipase A 2 enzym es 
and  these are m ost conveniently listed.
1) Is there a fatty  acid operated  activation site in the m ajority of these 
enzym es?
2) Can the action of free fatty acids at this site have any other effect than  to 
stabilise the enzym e against denaturation by organic solvents?
3) Is this the sam e site that reacts w ith  long-chain acyl im idazolides in  
those enzym es activated by these reagents?
4) W hat is the n a tu re  of the bond  form ed w h en  these enzym es are 
activated by  acyl imidazolides?
5) D oes ac tiv a tio n  involve the h y d ro p h o b ic  anchor m odel o r the 
conform ation change model?
4.1.) Purification  of venom  phospholipase A? isoform s.
The w ork  started  w ith  purification of PLA2 isoforms w ith  the specific 
aim  of obtain ing enzym es of know n sequence bu t w ith  different response 
to potential activators. The results obtained w ere generally useful, b u t d id  
no t succeed in discovering useful new activating enzym es.
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The prelim inary  aims of purification were two-fold. The first being to 
have a ready  supply  of a highly purified non-activating PLA2 species and 
the second w as to com pare the characterised isoform s of PLA2 from  the 
venom  of Naja mossambica mossambica. H ere the developm ent of h igh  
reso lu tion  basic urea PAGE coupled w ith  the activity stain m ethod proved 
crucial. Firstly it w as clear that of all readily available venom s only that of 
the honey bee show ed a sim ple PLA2 com position w ith  a single isoform  
and  its glycosylated major variant. A m ong the snake venom s tested  only 
th a t of Naja naja atra contained a single major isoform . H ere there  w as 
good evidence for the existence of a m inor isoform  that had  been reported  
previously  and  several additional novel PLA2 com ponents.
S tudies of the venom  of Naja mossambica mossambica gave ra th er 
d ifferent results from  those of Chettibi et ah, (1990). Those w orkers used 
enzym es purchased  from  Sigma chemical Co ltd , bu t d id  no t possess the 
analytical m ethods to d istinguish  the forms. In the p resen t case 7 form s 
w ere  id en tified  of w hich  four w ere  m ajor com ponen ts  an d  w h ich  
appeared  to  correspond to the know n acidic, basic non-toxic and basic toxic 
form s, b u t in  this case the basic non-toxic form, hitherto  considered to be 
th e  m o st a b u n d a n t form  could  be reso lved  in to  tw o  co m ponen ts. 
A ctivation studies d id  not fully support the results of Chettibi et a l,  (1990) 
because only  the acidic form responded to activator in  the w ay they had  
d escrib ed  for the non-toxic basic form . A m ajor technical p ro b lem  
encountered  w as that the whole venom  supplied by Sigma appeared  to be 
specifically depleted  of the acidic isoform. N evertheless the acidic isoform  
supp lied  b y  Sigma satisfied the criteria established for venom  in w hich  it 
w as abundant.
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Follow ing the  success of the activity staining m ethod, a large num ber 
of venom  from  related species were studied both for PLA2 isoform  pattern  
and  response to  activator. The results appeared  to be encouraging  and 
indicated  tha t the  venom s from the spitting cobra species Naja nigricollis 
nigricollis  and  Naja melanoleuca (which all contain  the W W HF m otif) 
could be activating.
This w ork therefore succeeded in identifying three PLA2 isoform s for 
the m ost in tensive study , the m ajor isoform  from  Naja naja atra, and  the 
acidic isoform  from  Naja mossambica mossambica and bee venom  PLA2 . 
The m ajority of the w ork  how ever rem ained a com parison of the honey 
bee enzym e an d  the acidic isoform  from  Naja mossambica mossambica. 
and  the  m ajor use of gel electrophoresis to exam ine the stability  of the 
activated  enzym e. The results show ed quite conclusively tha t the oleoyl 
residue  im plan ted  by oleoyl im idazolide w as m ore strongly  b o u n d  than  
free oleic acid, b u t d id  not survive any electrophoretic technique. In  this 
respect the bee venom  enzym e adduct w as significantly m ore stable than 
the snake venom  enzym e adduct. Thus all of these resu lts su p p o rt the 
orig inal conclusion that the linkage of the acyl residue to the p ro te in  does 
no t involve an  am ide bond.
4.2.) Activation of bee venom phospholipase A? bv glutaraldehyde in the 
presence of oleic acid.
The second part of the investigation centred on the activation  of the 
bee venom  phospholipase A2 by  g lutaraldehyde in  the presence of long- 
chain fatty acid (oleic acid). Here it was confirmed that g lu taraldehyde did
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stabilise the  activated form generated by oleic acid and that this effect was 
even tually  cancelled by the general inactivation p roduced  by the cross 
link ing  agent. It p roved  to be very easy to stabilise the enzym e against 
inac tiva tion  by trea tm en t w ith  sodium  borohydride  a t the p o in t w hen  
m axim um  activation w as reached. At this point the enzym e w as about 8- 
fold activated and  could be activated another 8-fold by the presence of free 
fa tty  acid in  the assay solution. This result alone ind icated  th a t cross- 
linking d id  not cause the activating fatty acid to be retained in the enzym e 
and  therefore that a significant part of the activation w as due to a change 
b u t g lutaraldehyde could only produce if the fatty acid w ere present, m ost 
probably  a conform ation change.
The stabilisation enabled the enzym e to be treated in  order to rem ove 
oleic acid and  the results of this treatm ent show ed that the behaviour was 
hard ly  change by rem oving >98% of the oleic acid. Therefore it is certain 
th a t a m ajor p art of the activation is caused by a conform ation change. 
This indicates that the fatty acid is in a buried  site and therefore is no t well 
positioned  to  act as a hydrophobic anchor. It is therefore possible th a t the 
fu ll ac tivation  effect is also due to conform ation  change and  th a t the 
change w h ich  can be stabilised by g lu tara ldehyde is no t sufficient for 
m axim um  activation. The presen t results question  one aspect of earlier 
w ork  w here it w as reported that glutaraldehyde treatm ent alone stabilised 
the non-activating  form  of the enzym e w ithout general inactivation. The 
p resen t da ta  indicate tha t there is partia l inactivation w hich  delays the 
onset of fatty  acid inactivation and gives the appearance of non activation 
kinetics. If the hydrolysis reaction is continued long enough the b iphasic 
curve is seen.
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A ctivation by cross-linking depends on fortunate placing of p rim ary  
am ino groups as it is im possible for this function to relate to any natural 
p h en o m en o n . It w as no t therefore expected to be fo und  in  d iverse  
enzym es and  the p resen t w ork  failed to find a significant effect in  any 
snake venom  enzym e.
This s tudy  of fatty acid activation revealed one peculiar feature. Careful 
inspection  of the biphasic reaction progress curves show ed tha t the first 
p a r t w as extrem ely linear. The m odel of activation by a single fatty  acid 
m olecule is no t consistent w ith  linearity and suggests either th a t m ore 
th an  one fatty acid molecule is involved or else that the fatty acids released 
from  the su b stra te  (largely oleic and  linoleic acids) have d iffe ren t 
activating pow er and the least effective is liberated first. C om parison of the 
resu lts  w ith  those of Drainas (1978), w ho used  synthetic dioleoyl PC as 
su b stra te  show  th a t the progress curves had  less initial linearity  and  
supports  the differential hydrolysis rate model.
4.2.1.) The activation Mechanism of venom phospholipase A? enzym es by 
fatty acyl derivatives.
The bee venom  phospholipase A2 has h igh  activity tow ards short- 
chain  phospho lip id  substrates which form  micelles and very low activity 
to w ard  long-chain phospholipid  substrates w hich form bilayers. All of the 
stud ies of activated enzym e show ed that the effect was very  m uch greater 
for the bilayer substrates than for the micellar or m onom eric substrates.
Discussion
This can be in terpreted  by tw o m echanisms. One favoured  by Verger 
a n d  De H aas (1976) is that activation increases the in teraction  of the 
enzym e w ith  the bilayer type surface by increasing the hydrophobicity  of 
the enzym e. Kinetically this m echanism  m ight be expected to affect the 
substra te  b ind ing  term  (Km) rather than  the catalytic term  (Vmax)- The 
a l te rn a t iv e  m ech an ism  is th a t a c tiv a tio n  ch an g es  th e  p ro te in  
conform ation w hich could act either on Vmax or on Km- Drainas (1978), 
c a rried  o u t  a k inetic  s tu d y  of ac tiv a ted  and  n a tiv e  bee v en o m  
p h o sp h o lip ase  A 2 and show ed that activation w as de term ined  by  the 
Vmax term  and not by increased affinity of the enzym e for the substrate  
surface.
Van d er Weile et al.f (1988a, b), w ho favour the concept of interfacial 
m odulation , have show n that pancreatic phospholipase A 2 can be m ade to 
attack  ery throcy tes by b ind ing  long-chain fatty  acyl residues to lysine 
groups. This was achieved by m odification after specific blocking steps and 
d id  not rely on the intrinsic reactivity of these groups tow ards the reagent 
as in the p resen t case. Their evidence strongly supports the idea th a t the 
acyl groups interact directly w ith  the substrate surface.
A nother m odel for activation of phospholipase A2 enzym es, is called 
d im e r m odel. A ccording  to  th is m odel, the  ac tiv a tio n  of so lu b le  
p h o sp h o lip ase  A 2 involves form ation of enzym e dim ers on  the vesicles 
surface. This m odel was deduced by quantitative analysis of kinetic data 
ob ta ined  w ith  porcine pancreatic phospholipase A2 (Bell and  Biltonen, 
1989). D irect evidence for the form ation of stable enzym e dim ers follow ing 
activation has been reported for the pancreatic enzym e, the phospholipase
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A 2 from  the venom  of Agkistrodon contortrix and the m onom eric (D-49) 
enzym e from  the Agkistrodon piscivorus piscivorus (Cho, 1988).
The p resen t w ork  show ed tha t for bee venom  and  for the acidic 
iso fo rm  of p h o sp h o lip ase  A 2 from  the venom  of Naja mossambica  
mossambica, the activation is not due to dim erisation of enzym es as there 
w as no difference on ac id ic /u rea  and SDS gel electrophoresis and as well 
as on  gel filtration Bio-gel P-30 colum n chrom atography.
The function  of long-chain acyl residues in pro te ins is a m atter of 
debate. They m ay stabilise p ro te in  oligom ers or facilitate bo th  stable or 
transien t protein-m em brane interactions (G rand, 1989; Resh, 1994) w here 
the acyl chain may extrude from  the protein and penetrates the lipid layer 
acting as a hydrophobic anchor. Such a m odel w ould appear to be a logical 
fea tu re  for a phospholipase and enable the p ro te in  to 'scoot' (Jain and 
Berg, 1990) on the substrate surface. Nevertheless the results obtained here 
p rovide good reason to believe that it does not apply in the present case.
S tudies of activation in 1-propanolic m edium  carried  ou t by M ezna 
(1993) in  this laboratory  show ed very clearly tha t the m ajor effect is to 
stab ilise  the enzym e against d en a tu ra tio n  by the solvent. Thus there 
appears to be a site on the protein  that can b ind  long-chain fatty acids or 
fa tty  acyl residues and  reverse the inactivating  effect of 1-propanol. 
H ow ever activation is substrate-dependent and  not observed for a short- 
chain  com pound  such as dioctanoyl phosphatidylcholine, bu t is p resen t 
w ith  the l-palm itoyl,2-nonanoyl PC derivative, hence the presence of both  
activator and  long-chain substrate is required  to reverse the den a tu rin g  
effect of 1-propanol.
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The p resen t w ork  has extended by obtaining proof tha t a conform ation 
change occurs du rin g  activation. This has been obtained  by analysis of 
g lu tara ldehyde  fixation in  the presence of oleic acid w here the p resen t 
resu lts show  th a t the major com ponent of activation by this m odification 
persist even  w hen the fatty acid has been rem oved.
To ex trapolate from  stabilisation against organic solvent to a role for 
the activating m odification in an aqueous m edium  it is necessary to show 
th a t the enzym e is capable of undergoing a conform ation change under 
these  cond itions and  th a t this can be co rrelated  w ith  the ac tivating  
m odification. A lthough the three dim ensional structure of the enzym e is 
stabilised by  five disulphide bridges, the protein  nevertheless undergoes a 
significant conform ational change on activation as show n by the changes 
in  circular dichroism .
This conclusion  w as s tren g th en ed  by  the changes in  try p to p h a n  
fluorescence w hich indicate that occupation of the fatty acid b ind ing  site 
causes a conform ation change. O n the basis of the red shift in the em ission 
m axim um , the conform ational change increases the exposure of a t least 
one try p to p h a n  residue  to the solvent. As an tic ip a ted , the effect is 
instan taneous w hen  induced by the free fatty acid, bu t w hen p roduced  by 
oleoyl im idazolide has an appropriate rate and pH  dependence to correlate 
w ith  activation. Of the tw o tryp tophan  residues p resen t in  this p ro te in , 
Trp-8 is in  a relatively internal hydrophobic environm ent near the active 
site, w hilst Trp-128 is in a less compact region of the pro tein  w ith  a low er 
density  of hydrophobic residues, hence Trp-8 is the m ore likely source of 
the observed changes.
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The m ost cogent argum ent against the hydrophobic tail m odel is th a t 
d irec t d e te rm in a tio n  of the b in d in g  of the enzym e to e ry th ro cy te  
m em branes is not significantly altered by activation. Thus on balance the 
m ost plausible m odel is tha t acylation involves a buried  acyl residue tha t 
forces a conform ation change w hich m akes the enzym e m ore effective 
against long-chain substrates w hilst having no effect against short-chain  
substrates. This includes the possibility tha t contact w ith  the substra te  
surface itself actually forces the enzym e into a low activity conform ation 
and  the effect of the activator is to overcome this induced change.
This p a rt of study has been confined to the bee venom  enzym e for the 
principal reason that it is the only such enzym e that can be activated by the 
com bination of g lutaraldehyde and free fatty acid and  therefore provides 
un ique evidence for conform ation change.
4.3.) Stability of acyl linkage.
The acidic isoform  of phospho lipase  A 2 from  the venom  of Naj a  
mossambica mossambica show s a rap id  and  perm anen t increase in  lytic 
activ ity , reach ing  a m axim um  of ca. 60-fold, w h en  in cu b ated  w ith  a 
s to ich io m etric  eq u iv a len t concen tra tion  of o leoyl im id azo lid e . The 
h y d ro ly tic  activ ity  against d ioctanoyl p h o sp h a tid y lch o lin e  w as very  
slightly  affected by this treatm ent. A ctivation had  the progressive n atu re  
of a chem ical reaction  and  the m odified  p ro te in  w as stable to d ilu te  
o rgan ic  so lven ts  and  also to album in , w hich  w as necessary  for th e  
expression  of lytic activity in the erythrocyte leakage assay. The resu lts  
show ed tha t the activation of this enzym e by oleoyl im idazolide involves
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the form ation of a covalent linkage that appears to be extrem ely stable, b u t 
is read ily  b roken  in  the presence of den atu rin g  agents. A nd th a t the 
activity of native enzym e w as stable to incubation w ith  bo th  types of urea 
gel reagents in  the absence of am m onium  persulphate, b u t that activation 
w as rap id ly  lost. The experim ents those were undertaken  to exam ine the 
linkage of the  oleoyl g roup directly , confirm ed the earlier resu lts  by 
sh o w in g  th a t it (oleoyl residue) is lost ex trem ely  ra p id ly  d u rin g  
electrophoresis. In both urea gel systems the enzym e was applied to the gel 
in  n eu tra l so lu tion  w ithou t a d en a tu ran t and  therefore the deacylation  
reaction  shou ld  only occur after electrophoresis com m enced. This w as 
confirm ed in the case of the acidic system  because free oleic acid (pKa ca 
5.0), could no t enter the gel and therefore m ust have been released after 
the s ta rt of electrophoresis. The urea gels ru n  at m ildly acidic (pH  3.2) or 
m ildly basic (pH  11.6) conditions. Typical esters w hich are sensitive to base 
hydrolysis have quite short half-lives above pH  11, they are m ore stable to 
the eq u iv a len t acidic conditions b u t m ight be close to their lim it of 
stability in  basic system. However, the instability of the linkage u n d er the 
cond itions of SDS-PAGE (pH 8.9) suggests th a t the p resence of the 
d en a tu ran t m ay be m ore im portan t than  the actual pH . Taken together 
these resu lts suggest that the linkage of the acyl g roup  to the p ro te in  is 
inheren tly  unstable b u t resists hydrolysis indefinitely w hen  the enzym e is 
stored  in  aqueous solution in  the absence of denaturing agents.
4.4.) Long-chain fatty acid b ind ing  site.
The presen t w ork show s that fatty acid binding  in  aqueous m edia can 
be m easured  directly by fluorescence em ission and the initial results
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sh o w ed  th a t b o th  bee venom  and  the acidic isoform  from  N a j a  
mossambica mossambica b ind  oleic acid strongly  and  it is possible to 
determ ine a dissociation constant for the interaction. In contrast b ind ing  
of the short chain fatty acids nonanoic and hexanoic acid w as no t detected. 
This therefore gives independent proof of the existence of a long chain  
fatty  acid b ind ing  site on these proteins w hich can be inferred to  be the 
activation site.
S tudies of the acylation phenom enon w ere also greatly facilitated by 
the florescence emission m ethod. Firstly the fact that fatty acids and  their 
derivatives produce similar, bu t not identical responses, indicate that they 
act at the sam e site in slightly different ways. There is no direct proof that 
the fluorescence response m easures the same event tha t causes activation, 
b u t the correlation is extremely good. Short chain derivatives th a t do not 
activate do n o t produce the fluorescence change. O leoyl hyd roxyethy l 
su cc in im d e  w h ich  is a slow  activa to r in  co m p ariso n  w ith  o leoy l 
im idazolide produces the changes b u t very slowly. The m ost convincing 
correlation  how ever came from studies of the pH  dependence. Earlier 
kinetic  stud ies  had  show n that the bee venom  enzym e activated  very  
slow ly below pH  7 and rates increased slowly above pH  8. These results are 
consis ten t w ith  control by a single ionising  g roup  w ith  pK a ca. 6.5. 
F luorescence stud ies of the acidic isoform  of the enzym e from  Naj a  
mossambica mossambica now  show ed a rate decrease above p H  8.5 and  
w hen  the appropriate  kinetic test of activation w as carried ou t there w as 
fo u n d  to  be a very  clear pH  optim um  at ca 8.0. H ow ever n o  sim ilar 
op tim um  w as found by fluorescence studies of the bee venom  enzym e.
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Taken together w ith  the fact that the snake venom  enzym e activates 
significantly faster than  the bee venom  enzym e these results su p p o rt the 
follow ing conclusion:-
Long-chain fatty acid derivatives b ind  very rap id ly  to a hydrophobic 
cleft and  pertu rb  the conform ation in the neighbourhood of a trp  residue 
in  the sam e w ay that fatty acids do. After b inding there is a slow er reaction 
w hich  results in  transfer of the acyl group from  the im idazole ring  to an 
acceptor residue in  the protein. The transfer reaction is facilitated  by  a 
neighbouring  residue.
The acylation of any residue will be controlled by  the pK a of th a t 
residue because it m ust react in its non-protonated form. W here there is a 
p H  op tim um  then  tw o groups m ust be involved, one active in  its non- 
p ro to n a ted  form  and one in  its p ro tonated  form. Lawrence and  M oores 
(1975) h ad  proposed such a model on the basis of the observation that oleic 
acid po ten ta tes the rate of activation by oleic anhydride, ind icating  th a t 
b o th  reagents can b ind  to the site at the sam e tim e because it seem s 
unlikely that the positively charged group that binds the carboxylate g roup 
of the fatty acid could also be the target for acylation. The pH  rate data for 
the snake venom  enzym e now  confirm s this m odel. It could be a rgued  
th a t th is only accounts for the fact tha t activation of the snake venom  
enzym e is abou t ten  tim es faster than  tha t of the bee venom  enzym e. 
A lte rn a tiv e ly  the g roup  in  the bee venom  enzym e th a t b in d s  th e  
carboxylate g roup  of the free fatty acid could be arginine and  therefore 
w ou ld  no t be able to change its ionisation state.
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The n a tu re  of the acceptor g roup  for the acyl resid u e  rem ains 
u n certa in . It is clear how ever th a t the b in d in g  is h igh ly  lab ile  to  
d en a tu ra tio n  of the enzym e. The groups in this p ro te in  tha t are m ost 
reactive to acylating agents are the prim ary am ino groups. BWand /  have 
dem onstra ted  that in  certain of these enzym es the catalytic reaction itself 
resu lts  in  acylation of lysines w hich enhances aspects of the reactivity. 
This cannot be on the norm al reaction pathw ay, because if it w ere there 
w o u ld  be no delay  and activation could no t be detectable. It w ou ld  
therefore be a low probability event. If such a p roperty  w ere p resen t then  
the  fea tu res  th a t prom ote acylation w ould  also p rom ote  the reverse  
reaction. Acyl groups bound  to such lysines w ould  therefore be labile 
p rov ided  that the enzym e retained its native state, b u t stable w hen  it w as 
denatured . In the present system the opposite effect is seen.
Chettibi et a l, (1990) argued that the acceptor group w as probably an H  
re s id u e  (H22 in  the typical snake venom ), based  on tw o types of 
observation. Firstly the p H /ac tiv ity  studies of Lyall (1984) show ed a pKa 
for activation of 6.5, close to the typical pKa of histidine. Secondly, snake 
venom  PLA2 enzym es were tested by him  and those w hich activated had  
the te trapep tide  sequence XYHZ w here X and Z w ere norm ally arom atic 
a n d  Y w as often  arom atic. Sequences for ac tiva ting  n o n -ac tiv a tin g  
enzym es are show n in Table 4.4.
4.4.1.) Target residue
In  Term s of reactivity w ith  acylating agents the m ost reactive ta rge t 
groups in  phospholipase A2 enzymes are:-
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TABLE 4.4 
Com parison of PLA2 enzym e sequences
1) NLYQFKNMIHCTVPS-RPWWHFADYGCYCGRGGKGTAVDDLDR
2) NLYQFKNMIHCTVPS-RPWWHFADYGCYCGRGGKGTAVDDLDR
3 ) NLYQFKNMIHCTVPS-RPWWHFADYGCYCGRGGKGTPVDDLDR
4 ) NLYQFKNMIQCTVPS-RSWWDFADTGCYCGRGGSGTPVDDLDR 
5) IIYPGTLWCGHGNKSSGPNELGRFKHTDACCRTHDMCPDVMSAG
1) CCQVHDNCYGEAEKL-GCWPYLTLYKYE-CSQGKLT-CSGGNNKCEA
2) CCQVHDNCYGEAEKL-GCWPYLTLYKYE-CSQGKLT-CSGGNNKCAA 
3 ) CCQVHDNCYEKAGKM-GCWPYFTLYKYK-CSQGKLT-CSGGNSKCGA
4) CCQVHDNCYNEAEKISGCWPYFKTYSYE-CSQGTLT-CKGGNNACAA
5) ESKHGLTNTASHTRLSCDCDDKFYDCLKNSADTISSYFVGKMYFNL
1) AVCNCDLVAANCFAGAPYIDANYNVNLKERCQ
2 ) AVCNCDLVAANC FAGARYIDNYNINLKERC Q
3 ) AVCNCDLVAANCFAGARYIDANYNINFKKRCQ
4 ) AVCDCDRLAAIC FAGAPYNNNNYNIDLKARCQ
5) IDTKCYKLEHPVTGCGERTEGRCLHYTVDKSKPKVYQWFDLRKY
1)CM-I from the venom of Naja mossambica mossambica, 2=CM- 
II Naja mossambica mossambica, 3=CM-III Naja mossambica 
mossambica, 4=Naja naja atra, 5=BEE VENOM,
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The N -term inal am ino group, e-am ino-groups, tyrosine, th reo n in e  
and  serine hydroxyl groups and the histidine im idazole group. V arious 
pieces of evidence have been obtained w hich allow com m ents to be m ade 
about each of these as possible targets.
Amino groups:-
The best evidence that lysine is not the target residue for acylation 
comes from  the extreme lability of the activated enzym e to any form  of gel 
e lec trophoresis  and  especially from  the fact tha t the enzym e can be 
ap p aren tly  deactivated by rem oval of the residue w ith o u t loss of basal 
activity. The possibility that a very reactive am ino group existed  in  the 
native enzym e that was bo th  acylated and deacylated extrem ely rap id ly  
due to a facilitated reactivity has been suggested, bu t this reactivity should 
be lost u p o n  denaturation  bu t it is clear that the residue loses the bound  
g roup  even m ore rapidly under denaturing conditions.
The presen t evidence confirms results of Chettibi (1990), w ho show ed that 
p rim ary  am ino groups w ere required  for activation although  w ere no t 
necessarily targets for acylation.
S tud ies  w ith  d im ethy l m aleic an h y d rid e  p ro d u ce d  in te re s tin g  new  
inform ation. This reagent inhibits the enzym e at h igh  concentration, b u t 
it does no t produce the fluorescence shift given by activators.
In  term s of structural com parisons, the non activating enzym es of Naja  
mossambica mossambica have add itional K residues to the activating  
form s.
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Hydroxyl groups.
There is no  evidence to support OH  groups as the target residues except for 
FTIR data. O n the surface this is compelling because the chemical shifts are 
in  the bounds of possibility. However the difficulty arises in m odelling the 
en v iro n m en t of the O H  group  and  at p resen t there is no p e rtin e n t 
in fo rm atio n .
O therw ise threonine, serine and tyrosine esters are know n to be stable to 
the  conditions of SDS-PAGE. Furtherm ore the ST and Y com position of 
th e  v ario u s  activating  and  non-activating  isoform s show  rem arkab le  
co n serv atio n . This is especially  noticeable for ty ro sin es  w h ich  are 
rem arkably conserved in the type 1 and type 11 PLA2 enzymes.
The im idazole group.
These enzym es have very few histidine groups. Stable acylation of the 
active h istid ine can be ruled out because p-brom ophenacyl b rom ide is an  
irreversible inhibitor. O therwise the enzym es tend to have tw o H  residues 
near the N -term inus and  in general these are either bo th  present or bo th  
absent. Chettibi et a l, (1990) has show n evidence in favour of the W W HF 
sequence as the activator target and indeed  it w as w ith  this in m ind  th a t 
the  fluorescence experim ents w ere undertaken . The fact th a t activation  
s trong ly  p e rtu rb s  the T ryptophan environm ent supports  this m odel b u t 
cannot directly prove that the H  residue is the acceptor. The non  activating 
en zy m e from  Naja naja atra has the sequence W WDF and  lacks H  at 
position  20 and does not give similar fluorescence changes.
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A d d itio n a l ev idence favouring  H  acylation is the fact th a t the N aja  
mossambica mossambica enzym e show s a pH  op tim um  for activation. 
This suggests th a t tw o groups are involved either opposite  ion isa tion  
states.
O ne, the p resum ed acceptor reacts in is basic un ionised  state, w hilst the 
o ther, the facilitator acts in its ionised acidic state. Clearly a lysine am ino 
group  w ou ld  be the preferred candidate for the facilitator residue and it 
shou ld  be possible to identify this by progressive blocking. H ow ever all 
acceptor groups should react increasingly rapidly w ith  increased pH. In the 
bee venom  enzym e, w here no optim um  is observed, the pKa controlling 
activation w as ca. 6.5 and thus clearly indicated an H  residue.
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